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ST49C001 



An EX^RCompany Printed August 3, 1995 

PREPROGRAMMED HIGH SPEED FREQUENCY SYNTHESIZER 



DESCRIPTION 



SOIC Package 



The ST49C001 is a mask programmable monolithic 
analog CMOS device, designed to replace existing 
high frequency crystal/oscillator with single low fre- 
quency crystal. The ST49C001 provides two high 
speed and low jitter clock outputs. 
ST49C001 is designed for Magneto-Optical Disk 
Drive (MODD) appplication. 



vcc 

OE* 
XTAL1 GT 
XTAL2 \JT 



~8~| CLOCK2 

73 CLOCK 1 

~6~l BCLK 

] GND 



FEATURES 



• Can replace expensive high frequency oscillators. 

• Mask programmable analog phase locked loop 

• On board loop filter 

• 5V 1 .2uCMOS technology 

• 8 pin SOIC package. 

• Crystal oscillator circuit on board 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST49C001CF8 SOIC 0° C to +70° C 

ST49C001CP8 Plastic-DIP 0° C to +70° C 



Rev. 1.0 
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SYMBOL DESCRIPTION 



1 



Symbol 


Pin 


Signal Type 


Pin Description 


vcc 


1 


I 


Supply voltage. Single +5 volts. 


OE* 


2* 


I 


Output Enable (Active low). CLOCK1 and BCLK outputs are 
disabled and forced to low state when this pin is low. 
CLOCK2 output pin is active when CLOCK1 and BCLK 
outputs are disabled. 


XTAL1 


3 


I 


Crystal or External Clock input. A crystal can be connected 
to this pin and XTAL2 pin to generate internal phase locked 
loop reference clock. For external clock, XTAL2 is left open 
or used as buffered clock output. 


XTAL2 


4 


O 


Crystal output. 


GND 


5 


o 


Supply ground. 


BCLK 


6 


o 


Buffered reference clock output. 


CLOCK1 


7 


o 


Preprogrammed clock output. 


CLOCK2 


8 


o 


Preprogrammed clock output. 



* Has internal pull-up resistor 



EXTERNAL CLOCK CONNECTION 

To minimize the noise pickup , it is recommended 
to connect 0.047nF capacitor to XTAL1, and keep 
the lead length of the capacitor to XTAL1 to a 
minimum to reduce noise susceptibility. 



FREQUENCY SELECT CALCULATION 

The ST49C001 contains an analog phase locked loop 
circuit with digital closed loop dividers and a final 
output divider to achieve the desired dividing ratios for 
the clock output. 

The accuracy of the frequencies produced by the 
ST49C001 depends on the input frequency and di- 
vider ratios. The formula for calculating the exact 
output frequency is as follows: 



CLOCK1 = (Reference clock) X 2A/B X 1/M 
CLOCK2 = (Reference clock) X 2A/B X 1/N 

where A=5, 6, 7, 128 

B=5, 6, 7 128 

M=1,2,...6 
N=1,2, ...6 

ST49C001-01 Frequency table 



INPUT 

FREQUENCY 


OUTPUT 
FREQUENCIES 


16.934 MHz 


49.143 MHz 
29.486 MHz 
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ST49C001 



ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T A =0-70° C, Vcc=4.0 - 5.5V unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


,: : : : :^j^x : : : : : : : 














VlL 


Input low level 






0.8 


V 




VlH 


Input high level 


2.0 






V 




Vol 


Output low level 






0.4 


V 


Iol= 8.0 mA 


VOH 


Output high level 


2.4 






V 


Ioh = 8.0 mA 


IlL 


Input low current 






-100 




Pin 2 only 


llH 


Input high current 






1 


\xA 


VIN=Vcc Pin 2 


Ice 


Operating current 




45 


55 


mA 


No load, OE High, 
All Clock outputs 
active 


RlN 


Input pull-up resistance 


60 


85 


110 


kQ 


OE Pin 
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ST49C001 
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AC ELECTRICAL CHARACTERISTICS 



T A =0-70° C, Vcc=5.0 V unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 
















Ti 


CLOCK rise time 




3 


5.5 


ns 


CL=20pF 














0.4V - 2.4V 


T 2 


CLOCK fall time 




3 


5.5 


ns 


CL=20pF 














2.4V - 0.4V 


T4.5 


Duty cycle 


40 


47 


60 


% 


CL=20pF 














@ Vcc/2 


Ts 


Jitter 1 sigma 




±0.5 


±2 


% 






Jitter absolute 




±2 


±5 


% 





TIMING DIAGRAM 



CLOCK \ /! |\ ///' 
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> \ < ■ — N 
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ST49C101/102 



An EXflRCompany Printed August 3, 1995 

PREPROGRAMMED HIGH SPEED FREQUENCY MULTIPLIER 



DESCRIPTION 



SOIC Package 



The ST49C101/102 is a mask programmable mono- 
lithic analog CMOS device, designed to replace exist- 
ing high frequency crystal/oscillator with single low 
frequency crystal. The ST49C101/102 provides high 
speed and low jitter clock output. 
ST49C101/102 is designed in a process to 
achieve 100 MHz speed for high end frequencies. 



XTAL1 LJ. 

OE [X 
AGND [IT 
DGND 



~8l XTAL2 
J2 AVCC 
§J DVCC 

~5~1 CLOCK 



Dip Package 



FEATURES 



Can replace expensive high frequency oscillator. 
Mask programmable analog phase locked loop 
Low power single 5V CMOS technology 
8 pin DIP or SOIC package. 
Crystal oscillator circuit on board 



XTAL1 Q 

OE [X 
AGND [X 
DGND [~4~ 



§ 



~8~| XTAL2 
T1 AVCC 
~6l DVCC 
~5l CLOG 



TSSOP Package 



ORDERING INFORMATION 



Part number 
ST49C101CP8 
ST49C101CF8 
ST49C102CT8 



Package Operating temperature 
Plastic-DIP ° C to +70° C 
SOIC 0° C to +70° C 

TSSOP 0° C to +70° C 



DVCC Li 

CLOCK L2 

EXCLK [T 

N.C. \Jl 



ST49C102CT8 



~8l AVCC 
~7~] N.C. 
~6~1 N.C. 
~5~l DGND 



Rev. 1.0 
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SYMBOL DESCRIPTION ( ST49C101 ) 8 



1 



Symbol 


Pin 


Sianal Tvoe 


Pin Description 


XTAL1 


-j 


I 


Crvstal or External Clonk innut A nrvstal nan bp connpctpd 
to this pin and XTAL2 pin to generate internal phase locked 

loon rpfprpnrp rlork Forpytprnal rlork XTAI ? is Ipft nnpn 

or used as buffered clock output. 


OE 


2* 


I 


Clock Output Enable (Active high). CLOCK output is three 
stated when this pin is low. 


AGND 


3 


O 


Analog ground. 


DGND 


4 


O 


Digital ground. 


CLOCK 


5 


o 


Programmed output clock. 


DVCC 


6 


I 


Positive supply voltage. Single +5 volts. 


AVCC 


7 


I 


Analog supply voltage. Single +5 volts. 


XTAL2 


8 


o 


Crystal output. 



* Has internal pull-up resistor 



SYMBOL DESCRIPTION ( ST49C102 ) 



Symbol 


Pin 


Signal Type 


Pin Description 


DVCC 


1 


I 


Digital Positive supply voltage. Single +5 volts. 


CLOCK 


2 


O 


Pre-programmed output clock. 


EXCLK 


3 


I 


External Clock input. Input reference clock. 


DGND 


5 


o 


Digital ground. 


AVCC 


8 


I 


Analog supply voltage. Single +5 volts. 
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ST49C101/102 



(0 EXTERNAL CLOCK CONNECTION 

To minimize the noise pickup , it is recommended 
to connect 0.047nF capacitor to XTAL1 , and keep 
the lead length of the capacitor to XTAL1 to a 
minimum to reduce noise susceptibility. 



FREQUENCY SELECT CALCULATION 

The ST49C101/102 contains an analog phase locked 
loop circuit with digital closed loop dividers and a final 
output divider to achieve the desired dividing ratios for 
the clock output. 

The accuracy of the frequencies produced by the 
ST49C101/102 depends on the input frequency and 
divider ratios. The formula for calculating the exact 
output frequency is as follows: 

CLOCK = (Reference clock) X 2A/(BXC) 

where A=5, 6, 7, ...128 

B=5, 6, 7... 128 

C=1,2,4 

Preprogrammed options: 



ST49C101-X 


Factor 


Max. Output 
Frequency 


ST49C1 01-01 


12 


100 MHz 


ST49C101-02 


6 


100 MHz 


ST49C101-03 


8 


130 MHz 


ST49C101-04 


4 


100 MHz 



ST49C102 


Input 
Frequency 


Output 
Frequency 


ST49C102 


40MHz 


60MHz 
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ST49C101/102 
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7 Volts 

GND-0.3 V to VCC+0.3 V 
0° C to +70° C 
-40° C to +150° C 
500 mW 



ABSOLUTE MAXIMUM RATINGS 



Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



DC ELECTRICAL CHARACTERISTICS 



T A =0 - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 
















VlL 


Input low level 






0.8 


V 




VlH 


Input high level 


2.0 






V 




Vol 


Output low level 






0.5 


V 


Iol= 8.0 mA 


VOH 


Output high level 


2.8 






V 


Ioh = 8.0 mA 


IlL 


Input low current 






-100 


^iA 


Pin 2 only 


llH 


Input high current 






1 


\iA 


VIN=Vcc Pin 2 


Ice 


Operating current 




55 


65 


mA 


No load. 

CLOCK=100MHz 


RlN 


Input pull-up resistance 


50 


75 


100 


kQ 





AC ELECTRICAL CHARACTERISTICS 

T A =0 - 70° C, Vcc=5.0 V ± 1 0% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


















Tl,2 


CLOCK rise/fall time 




1.5 


3 


ns 


Load=30 pF, 0.6V - 














2.2V 


T4 


Duty cycle 


40 


48/52 


60 


% 


1 .4V switch point 


Ts 


Duty cycle 


45 


48/52 


55 


% 


VCC/2 switch point 


T 3 


Jitter 1 sigma 




±0.5 


±2 


% 




T 3 


Jitter absolute 




±2 


±5 


% 




Tin 


Input reference frequency 


7 


10 


25 


MHz 




Tout 


Output frequency 






130 


MHz 
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ST49C101/102 
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co DC ELECTRICAL CHARACTERISTICS ( ST49C101-02 and -04 ONLY ) 

T A =0 - 70° C, Vcc=3.0V± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


liiiil 














VlL 


Input low level 






0.8 


V 




VlH 


Input high level 


2.0 






V 




Vol 


Output low level 






0.5 


V 


Iol= 4.0 mA 


Voh 


Output high level 


2.0 






V 


Ioh = 4.0 mA 


IlL 


Input low current 






-100 


[iA 


Pin 2 only 


llH 


Input high current 






1 


»A 


VIN=Vcc Pin 2 


Ice 


Operating current 




40 


60 


mA 


No load. 

CLOCK=80 MHz 


RlN 


Input pull-up resistance 


50 


75 


100 


kQ 





AC ELECTRICAL CHARACTERISTICS ( ST49C101-02 and -04 ONLY ) 

T A =0 - 70° C, Vcc=3.0V ± 1 0% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 
















Tl,2 


CLOCK rise/fall time 




2 


3 


ns 


Load 30pF, 0.6V - 














2.2V 


Ts 


Duty cycle 


45 


48/52 


55 


% 


VCC/2 switch point 


T 3 


Jitter 1 sigma 




±0.5 


±2 


% 




Ts 


Jitter absolute 




±2 


±5 


% 




Tin 


Input reference frequency 


7 


10 


20 


MHz 




Tout 


Output frequency 






80 


MHz 
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STARTECH 

An EX4RCompany 
PREPROGRAMMED FREQUENCY GENERATOR 



ST49C103 
ST49C104 

Printed August 3, 1995 



DESCRIPTION 



SOIC Package 



The ST49C103 and ST49C104 are mask program- 
mable monolithic analog CMOS devices designed to 
generate up to 8 single frequency outputs from a 
single input clock. The ST49C104 will provide eight 
different output frequencies and the ST49C103 will 
provide four different output frequencies. They are 
designed in a 1 .2\x process to achieve 80 MHz. 
The ST49C103 and ST49C104 are designed to re- 
place existing video clocks generated from individual 
oscillators in order to reduce board space and number 
of oscillators. To provide high speed and low jitter 
clock, the parts utilize a high speed analog CMOS 
phase locked loop using 1 4.31 8 MHz system clock as 
the reference clock (note that reference clock can be 
changed to generate optional frequencies from a 
standard programmed device). The programmed 
clock outputs are selectable via three address lines 
and address latch enable pin. The ST49C104 also 
includes a power on reset circuit which will cause the 
select logic to select the frequency at address "000" 
upon power up. The latch enable pin is also mask 
programmable to be active high , active low or rising or 
falling edge sensitive. 



FEATURES 



» Can replace up to 8 oscillators/crystals and a 
multiplexer 

' Pin-to-pin compatible to Avasem AV9103/104 

• Programmable analog phase locked loop 

• Low power single 5V CMOS technology 

• 8 or 14 pin DIP or SOIC package. 



A1 [IT 




~U] AO 


A2 [jT 




13] N.C 


LEN or 


LJL 

O 


~12l AVCC 








AGND [IT 


o 


~TT] DVCC 




O 




DGND [IT 


CT> 

f£ 


jo] clko 


XTAL1 [IT 


CO 


~9l CLK2 


XTAL2 \JT 




~8~| CLK1 



A1 [Tl 
A2 |X 
GND [T 
EXCLK [T 



8 I AO 
jj N.C. 
IT) VCC 
~5~] CLKO 



ORDERING INFORMATION 



Part number 

ST49C103CP8 

ST49C103CF8 

ST49C104CP8 

ST49C104CF8 

ST49C104CP14 

ST49C104CF14 



Package Operating temperature 



Plastic-DIP 
SOIC 

Plastic-DIP 
SOIC 

Plastic-DIP 
SOIC 



0° 
0° 
0° 
0° 



to +70° 

to +70° 

to +70° 

to +70° 



° C to +70° 
0° C to +70° 



A1 Ll 
GND [jT 
XTAL1 L3 
XTAL2 [T 



8 j AO 
~T] N.C. 
~6~1 VCC 
~5~] CLKO 



Rev. 1.0 
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c/) BLOCK DIAGRAM 



Oscillator 
Circuit 




CLOCK 



Programmable 
Counter 
B 



Phase 




Charge 




Loop 






Detector 




Pump 




Filter 



Programmable 
Counter 
A 



Voltage 
Controled 
Oscillator 



Voltage 
Reference 
Circuit 



Rom Table 
Select 
Logic 



Programmable 
Counter 
C 



B=5....128 
A=5...J28 
C=l, 2, 4 
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SYMBOL DESCRIPTION (ST49C104 14 pin package) ° 



1 



Symbol 


Pin 


Signal Type 


Pin Description 


A1 


1 


1 


Frequency select address input 2. 


A2 


2* 


1 


Frequency select address input 3. 


LEN 


3* 


1 


Address latch enable input. To latch selected programmed 
clock output. 


AGND 


4 


O 


Analog ground. 


DGND 


5 


o 


Digital ground. 


XTAL1 


6 


1 


Crystal or external clock input. A crystal can be connected 
to this pin and XTAL2 pin to generate internal phase locked 
loop reference clock. For external 14.318 MHz clock, 
XTAL2 is left open or used as buffered clock output. 


XTAL2 


7 


o 


Crystal output. 


CLK1 


8 


1 


External clock 1 input. 


CLK2 


9 


1 


External clock 2 input / output select. 


CLKO 


10 


o 


Programmed output clock. 


DVCC 


11 


1 


Digital supply voltage. Single +5 volts. 


AVCC 


12 


1 


Analog supply voltage. Single +5 volts. 


N.C. 


13 






AO 


14 


1 


Frequency select address input 1 . 



* Have internal pull-up resistors on inputs. 
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(0 SYMBOL DESCRIPTION (ST49C1 04 8 pin package) 



Symbol 




Signal Type 


Pin Description 


A1 


1 


I 


Frequency select address input 2. 


A2 


2* 


I 


Frequency select address input 3. 


GND 


3 


O 


Digital ground. 


EXCLK 


4 


I 


External clock input. Internal phase locked loop reference 
clock. 


CLKO 


5 


o 


Programmed output clock. 


VCC 


6 


I 


Digital supply voltage. Single +5 volts. 


N.C. 


7 






AO 


8 


I 


Frequency select address input 1 . 



* Has internal pull-up resistor on input 
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SYMBOL DESCRIPTION (ST49C103 8pin package) ° 



1 



Symbol 


Pin 


Signal Type 


Pin Description 


A1 


1 


I 


Frequency select address input 2. 


GND 


2 


O 


Digital ground. 


XTAL1 


3 


I 


Crystal or external clock input. A crystal can be connected 
to this pin and XTAL2 pin to generate internal phase locked 
loop reference clock. For external 14.318 MHz clock, 
XTAL2 is left open or used as buffered clock output. 


XTAL2 


4 


o 


Crystal output. 


CLKO 


5 


o 


Programmed output clock. 


VCC 


6 


I 


Digital supply voltage. Single +5 volts. 


N.C. 


7 






AO 


8 


I 


Frequency select address input 1. 
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EXTERNAL CLOCK CONNECTION 

To minimize the noise pickup , it is recommended 
to connect 0.047nF capacitor to XTAL1 , and keep 
the lead length of the capacitor to XTAL1 to a 
minimum to reduce noise susceptibility. 



FREQUENCY SELECT CALCULATION 

The ST49C104 contains an analog phase locked loop 
circuit with digital closed loop dividers and a final 
output multiplexer to achieve the desired dividing 
ratios for the clock output. 

The accuracy of the frequencies produced by the 
ST49C104 depends on the input frequency and di- 
vider ratios. The formula for calculating the exact 
output frequency is as follows: 

CLKO = (Reference clock) X A/(B X C) 



where 



A=1,2,3, 127 

B=8, 16, 32 ,64 
C=1, 2,4,8 



MASK OPTIONS 

The following mask options are provided for custom 
applications. 

• Latch Enable can be edge triggered or level sensi- 
tive. 

• Latch Enable can be active high or active low. 

• Any frequency can be in any decoding position. 

• CLK 1 and CLK 2 can be included in decoding table. 

• CLK2 can control selection of either CLK 1 or the 
internal frequencies. 



FEATURE 


ST49C104 


ST49C104 


ST49C103 




14-pin 


8-pin 


8-pin 


8 output frequencies 


X 


X 




4 output frequencies 






X 


Programmable LEN pin 


X 


X 


X 


Clock input only 




X 




Crystal or clock input 


X 




X 


CLK1 , CLK2 available for output mux 


X 
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Address latch (LEN) 


State 


ST49C104-1 
ST49C104-2 
ST49C104-3 


Transparent for LEN high 
Transparent for LEN high 
Transparent for LEN low 



ABSOLUTE MAXIMUM RATINGS 

7 Volts 

GND-0.3 V to VCC+0.3 V 
0° C to +70° C 
-40° C to +150° C 
500 mW 



Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Ma* 














VlL 


Input low level 






0.8 


V 




VlH 


Input high level 


2.0 






V 




Vol 


Output low level 






0.4 


V 


Iol= 8.0 mA 


VOH 


Output high level 


2.4 






V 


Ioh = 8.0 mA 


IlL 


Input low current 






-350 


jxA 


Except crystal 
input 


llH 


Input high current 






1 




VIN=Vcc 


Ice 


Operating current 




30 


50 


mA 


No load. 
DCLK=80MHz 


RlN 


Input pull-up resistance 


15 


20 


25 


kQ 
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W AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70" C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




iiiiiiii 


Conditions 






Min 


Typ 


Max 














Ti 


Enable pulse width 


20 






ns 




T2 


Setup time data to enable 


20 






ns 




Ts 


Hold time to data enable 


10 






ns 




T4 


Rise time 




1.5 


3 


ns 


0.8V -2.0V, 15 pF 


Ts 


Fall time 




1 


1.5 


ns 


2.0V - 0.8V, 15pF 


Te 


Duty cycle 


40 


48/52 


60 


% 


1 .4V switch point 


Te 


Duty cycle 


45 


48/52 


55 


% 


Vcc/2 switch point 


Tr 


Jitter 1 sigma 




±0.5 


±2 


% 




T7 


Jitter absolute 




±2 


±5 


% 




Ts 


Input frequency 


14.318 




32 


MHz 




T 9 


Input clock rise time 






20 


ns 




T10 


Input clock fall time 






20 


ns 
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TIMING DIAGRAM 



T1 



LEN 



A0-A2 



T2 k-H 



CLOCK IN 



->l k-T10 



-W T8 



I,, 



T9 -►! h4- 



CLOCK 
OUT 



T6 



-H H«-T4 
— ►W 



-^k 



T5 



T6 



hi 
-W N-T7 
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J? 

CO 



A2A1 AO 


ST49C104-1 

NOMINAL ACTUAL 


ST49C104-2 

NOMINAL ACTUAL 


ST49C104-5* 

NOMINAL ACTUAL 


ST49C103** 
NORMAL ACTUAL 


ST49C104-S** 
NOMINAL ACTUAL 



1 
1 

1 1 

1 
10 1 
1 1 

1 1 1 


Xtal Xtal 
16.257 16.331 

Clk2 Clk2 
32.514 32.663 
25.175 25.056 
28.322 28.412 
24.000 23.938 
40.000 39.822 


25.175 25.280 
28.322 28.412 
32.514 32.663 
36.000 35.795 
40.000 39.822 
44.900 44.744 
50.000 50.113 
65.000 65.326 


39.000 39.000 
25.000 25.000 
30.750 30.750 
26.250 26.250 
32.000 32.000 
25.250 25.250 
31.250 31.250 
37.500 37.500 


32.000 32.00 
40.00 40.00 
50.00 50.00 

1.00 1.002 

N/A 

N/A 

N/A 

N/A 


25.500 25.500 
16.500 16.500 
20.750 20.750 
2.500 22.500 
24.500 24.500 
19.500 19.500 
15.000 15.000 
14.000 14.000 



Input clock frequency = 14.318 MHz 
* Input clock frequency = 16.0 MHz 
** Input clock frequency = 8.0 MHz 
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PREPROGRAMMED FREQUENCY GENERATOR 



ST49C106 

Printed August 3, 1995 



DESCRIPTION 



SOIC Package 



The ST49C106 is a mask programmable monolithic 
analog CMOS device designed to generate up to 8 
single frequency outputs from a single input clock. The 
ST49C106 is designed in a 1.2\x process to achieve 
80 MHz. 

The ST49C106 is designed to replace existing video 
clocks generated from individual oscillators in order to 
reduce board space and number of oscillators. To 
provide high speed and lowjitterclock, the parts utilize 
a high speed analog CMOS phase locked loop using 
1 4.31 8 MHz system clock as the reference clock (note 
that reference clock can be changed to generate 
optional frequencies from a standard programmed 
device). The programmed clock outputs are select- 
able via three address lines and address latch enable 
pin. The ST49C106 also includes a power on reset 
circuit which will cause the select logic to select the 
frequency at address "000" upon power up. The 
ST49C106 contains de-glitch circuit so that full clock 
cycles are provided whenever the HALT pin stops or 
starts the output clock. 



ai r i 




IS 


AO 


A2[H 




J3] 


N.C. 


LEN [IT 


CF' 


"12" 


AVCC 




CD 






AGND C4~ 


O 


TT 


DVCC 




O 






DGND [IT 


CT> 

P 


IF 


CLKO 


XTAL1 EH 




9 


HALT 


XTAL2 \jT 




IB 


SEL 



Plastic-DIP package 



FEATURES 

■ Can replace up to 8 oscillators/crystals and a 
multiplexer 

• Pin-to-pin compatible to Avasem AV9106-14 

• Programmable analog phase locked loop 

• Low power single 5V CMOS technology 

• 14 pin DIP or SOIC package. 




ORDERING INFORMATION 



Part number Package Operating temperature 

ST49C106CP14 Plastic-DIP C to +70° C 
ST49C106CF14 SOIC 0° C to +70° C 



Rev. 1.0 
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SYMBOL DESCRIPTION 



1 



Symbol 


Pin 


Signal Type 


Pin Description 


A1 


1 


I 


Frequency select address input 2. 


A2 


2* 


I 


Frequency select address input 3. 


LEN 


3* 


I 


Address latch enable input. To latch selected programmed 
clock output. 


AGND 


4 


O 


Analog ground. 


DGND 


5 


O 


Digital ground. 


XTAL1 


6 


I 


Crystal or external clock input. A crystal can be connected 
to this pin and XTAL2 pin to generate internal phase locked 
loop reference clock. For external 14.318 MHz clock, 
XTAL2 is left open or used as buffered clock output. 


XTAL2 


7 


o 


Crystal output. 


SEL 


8 


I 


Clock level select / CLK1. When HALT is asserted, SEL 
selects whether the clock is high or low. This level must be 
selected before the clock is halted. SEL pin can be used as 
an xternal clock input when HALT is active. 


HALT 


9 


I 


Start / Stop output clock. 


CLKO 


10 


o 


Programmed output clock. 


DVCC 


11 


I 


Digital supply voltage. Single +5 volts. 


AVCC 


12 


I 


Analog supply voltage. Single +5 volts. 


AO 


14 


I 


Frequency select address input 1 . 



* Have internal pull-up resistors on inputs. 
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EXTERNAL CLOCK CONNECTION 

To minimize the noise pickup , it is recommended 
to connect 0.047n-F capacitor to XTAL1 , and keep 
the lead length of the capacitor to XTAL1 to a 
minimum to reduce noise susceptibility. 



FREQUENCY SELECT CALCULATION 

The ST49C106 contains an analog phase locked loop 
circuit with digital closed loop dividers and a final 
output multiplexer to achieve the desired dividing 
ratios for the clock output. 



The accuracy of the frequencies produced by the 
ST49C106 depends on the input frequency and di- 
vider ratios. The formula for calculating the exact 
output frequency is as follows: 

CLKO = (Reference clock) X A/(B X C) 



where 



A=1,2,3, 127 

B=8, 16, 32 ,64 
C=1 ,2,4,8 



ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














VlL 


Input low level 






0.8 


V 




VlH 


Input high level 


2.0 






V 




Vol 


Output low level 






0.4 


V 


Iol= 8.0 mA 


VOH 


Output high level 


2.4 






V 


Ioh = 8.0 mA 


IlL 


Input low current 






-350 


\iA 


Except crystal 
input 


llH 


Input high current 






1 


\iA 


VIN=Vcc 


Ice 


Operating current 




20 


40 


mA 


No load. 
DCLK=80MHz 


RlN 


Input pull-up resistance 


15 


20 


25 


kQ 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 
















Ti 


Enable pulse width 


20 






ns 




T 2 


Setup time data to enable 


20 






ns 




T 3 


Hold time to data enable 


10 






ns 




T 4 


Rise time 




1.5 


3 


ns 


0.8V -2.0V, 15pF 


Ts 


Fall time 




1.5 


3 


ns 


2.0V -0.8V, 15pF 


Te 


Duty cycle 


40 


48/52 


60 


% 


1 .4V switch point 


Te 


Duty cycle 


45 


48/52 


55 


% 


Vcc/2 switch point 


Ty 


Jitter 1 sigma 




±0.5 


±0.2 


% 




Tt 


Jitter absolute 




±0.2 


±0.5 


% 




Ts 


Input frequency 


14.318 




32 


Mhz 




T9 


Input clock rise time 






20 


ns 




T10 


Input clock fall time 






20 


ns 





A2A1 AO 


ST49C106-5* 

NOMINAL ACTUAL 



1 
1 

1 1 

1 
1 1 
1 1 

1 1 1 


39.000 39.000 
25.000 25.000 
30.750 30.750 
26.250 26.250 
32.000 32.000 
25.250 25.250 
31.250 31.250 
37.500 37.500 
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STARTECH ST49C107 
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PREPROGRAMMED CPU MOTHER BOARD FREQUENCY GENERATOR 



DESCRIPTION 



SOIC Package 



The ST49C107 is a mask programmable monolithic 
analog CMOS device designed to generate two simul- 
taneous clocks. One clock is either the BCLK (buff- 
ered reference clock) or programmable. The other 
clock (called CLOCK or 2XCLOCK in different ver- 
sions) is programmable only. The output frequency 
can vary from 2 to 100MHz, with up to 16 single 
selectable preprogrammed frequencies stored in 
internal ROM. 

The ST49C107 is designed to replace existing CPU 
motherboard clocks generated from individual oscil- 
lators in order to reduce board space and number of 
oscillators. To provide high speed and low jitter clock, 
the parts utilize a high speed analog CMOS phase 
locked loop using 14.318 MHz system clock as the 
reference clock (note that reference clock can be 
changed to generate optional frequencies from a 
standard programmed device). The programmed 
clock outputs are selectable via four address lines ( 
two address lines for ST49C1 07-05). 



FEATURES 



• Provides reference clock and synthesized clock 

• 5 to 32MHz input reference frequency 

• Pin-to-pin compatible to Avasem AV9107 

• Programmable analog phase locked loop 

• Low power single 5V CMOS technology 

• Up to 16 frequencies stored internally 

• 8/14 pin DIP or SOIC package. 
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ST49C107CF-03 
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A2 rr~ 
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~12] VCC 
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pd* £JZ 


CO 


~9~1 OE1 


XTAL1 rr~ 




~8l XTAL2 
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ORDERING INFORMATION 



Part number 

ST49C107CP8 

ST49C107CF8 

ST49C107CP14 

ST49C107CF14 



Package Operating temperature 

Plastic-DIP ° C to +70° C 

SOIC 0° C to +70° C 

Plastic-DIP 0°C to +70° C 

SOIC 0° C to +70° C 



AO Li 
GND S 
XTAL1 
XTAL2 [Z 



8J BCLK 

T] vcc 

6j CLOCK 
5~| A1 



ST49C107CF-05 



Rev. 1.0 
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B=5....128 
A=5....128 
C=l, 2, 4 



1X-CL0CK 
2X-CLOCK 
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SYMBOL DESCRIPTION (ST49C107-03 package) 



1 



Symbol 


Pin 


Signal Type 


Pin Description 


A1 


1* 


I 


Frequency select address input 2. 


A2 


2* 


I 


Frequency select address input 3. 


A3 


3* 


I 


Frequency select address input 4. 


AGND 


4 


o 


Analog ground. 


DGND 


5 


o 


Digital ground. 


PD 


6* 


I 


Power-Down (Active low). Shuts off chip when low. 


XTAL1 


7 


I 


Crystal or External Clock input. A crystal can be connected 
to this pin and XTAL2 pin to generate internal phase locked 
loop reference clock. For external 14.318 MHz clock, 
XTAL2 is left open or used as buffered clock output. 


XTAL2 


8 


o 


Crystal output. 


OE1 


9* 


I 


Buffered clock Output Enable (Active high). BCLK output is 
three stated when this pin is low. 


OE2 


10* 


I 


Clock Output Enable (Active high). CLOCK output is three 
stated when this pin is low. 


CLOCK 


11 


o 


Programmed output clock. 


VCC 


12 


I 


Positive supply voltage. Single +5 volts. 


BCLK 


13 


o 


Buffered crystal clock output. 


AO 


14* 


I 


Frequency select address input 1 . 



* Have internal pull-up resistors on inputs. 
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SYMBOL DESCRIPTION (ST49C1 07-04 package) 



Symbol 




Signal Type 


III llllll; 1111 111^ 


A1 


1* 


I 


Frequency select address input 2. 


A2 


2* 


I 


Frequency select address input 3. 


A3 


3* 


I 


Frequency select address input 4. 


AGND 


4 


O 


Analog ground. 


DGND 


5 


O 


Digital ground. 


PD 


6* 


I 


Power-Down (Active low). Shuts off chip when low. 


XTAL1 


7 


I 


Crystal or External Clock input. A crystal can be connected 
to this pin and XTAL2 pin to generate internal phase locked 
loop reference clock. For external 14.318 MHz clock, 
XTAL2 is left open or used as buffered clock output. 


XTAL2 


8 


o 


Crystal output. 


OE1 


9* 


I 


1 X-CLOCK Output Enable (Active high). 1 X-CLOCK output 
is three stated when this pin is low. 


OE2 


10* 


I 


2X-CLOCK Output Enable (Active high). 2X-CLOCK output 
is three stated when this pin is low. 


2XCLK 


11 





Programmed output clock. 


VCC 


12 


I 


Positive supply voltage. Single +5 volts. 


1XCLK 


13 


o 


2X-CLOCK Divide-by-two output. 


AO 


14* 




Frequency select address input 1. 



* Have internal pull-up resistors on inputs. 
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SYMBOL DESCRIPTION (ST49C107-05 package) 



1 



Symbol 


Pin 


Signal Type 


Pin Description 


AO 


1 


I 


Frequency select address input 1 . 


A1 


5 


I 


Frequency select address input 2. 




o 
t. 


o 


^nnnlx/ rirminH 
ouppiy yiuuiiu. 


XTAL1 


3 


I 


Crystal or External Clock input. A crystal can be connected 
to this pin and XTAL2 pin to generate internal phase locked 
loop reference clock. For external 14.318 MHz clock, 
XTAL2 is left open or used as buffered clock output. 


XTAL2 


4 





Crystal output. 


CLOCK 


6 


o 


Programmed output clock. 


VCC 


7 


I 


Positive supply voltage. Single +5 volts. 


BCLK 


8 


o 


Buffered crystal clock output. 



EXTERNAL CLOCK CONNECTION 

To minimize the noise pickup , it is recommended 
to connect 0.047nF capacitor to XTAL1 , and keep 
the lead length of the capacitor to XTAL1 to a 
minimum to reduce noise susceptibility. 



FREQUENCY SELECT CALCULATION 

The ST49C107 contains an analog phase locked loop 
circuit with digital closed loop dividers and a final 
output multiplexer to achieve the desired dividing 
ratios for the clock output. 

The accuracy of the frequencies produced by the 
ST49C107 depends on the input frequency and di- 
vider ratios. The formula for calculating the exact 
output frequency is as follows: 



CLOCK = (Reference clock) X A/(B X C) 

where A=5, 6, 7,. 128 

B=5, 6, 7 128 

C=1,2 

For proper output frequency, the ST49C107 can ac- 
cept a reference frequency from 5 - 32 MHz and 
divider ratio up to 15. 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














VlL 


Input low level 






0.8 


V 




VlH 


Input high level 


2.0 






V 




Vol 


Output low level 






0.4 


V 


Iol= 8.0 mA 


VOH 


Output high level 


2.4 






V 


Ioh = 8.0 mA 


IlL 


Input low current 






-10 


\iA 


Exc. crystal input 


llH 


Input high current 






1 


\jlA 


VIN=Vcc 


Ice 


Operating current 




45 


55 


mA 


No load. 

CLOCK=100MHz 


IsB 


Standby current 




25 






No load. 


RlN 


Input pull-up resistance 


500 


900 


1300 


kQ 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 
















Ti 


1X, 2X-CLOCK rise time 




1 


2 


ns 


Cl_=20pF 0.8V - 














2.0V 


T 2 


1X, 2X-CLOCK fall time 




1 


2 


ns 


CL=20pF 2.0V - 














0.8V 


T4 


Duty cycle 


40 


48/52 


60 


% 


1 .4V switch point 


T 5 


Duty cycle 


45 


48/52 


55 


% 


Vcc/2 switch point 


Ts 


Jitter 1 sigma 




±0.5 


±2 


% 




T 3 


Jitter absolute 




±3 


±5 


% 




T 


Input frequency 


2 




32 


MHz 




Ty 


Buffered clock rise time 






20 


ns 




Ts 


Buffered clock fall time 






20 


ns 





CLOCK OUTPUT TABLE FOR ST49C1 07-03 (us- 
ing 14.318 MHz input. All frequencies in MHz). 



CLOCK OUTPUT TABLE FOR ST49C1 07-04 (us- 
ing 14.318 MHz input. All frequencies in MHz). 



A3A2A1 AO 


CLOCK 











16.00 








1 


40.01 





1 





50.11 





1 


1 


80.01 


1 








66.58 


1 





1 


100.23 


1 


1 





8.02 


1 


1 


1 


4.01 


1 








8.02 


1 





1 


20.00 


1 


1 





25.06 


1 


1 


1 


40.01 


1 1 








33.29 


1 1 





1 


50.11 


1 1 


1 





4.01 


1 1 


1 


1 


2.05 



A3A2A1 AO 


2X-CLOCK 


CLOCK 














80.02 


40.01 











1 


66.62 


33.31 








1 





50.11 


25.06 








1 


1 


40.01 


20.00 





1 








100.23 


50.11 





1 





1 


33.31 


16.66 





1 


1 





32.01 


16.00 





1 


1 


1 


25.06 


12.47 


1 











64.02 


32.01 


1 








1 


2X-lnput 


1X-lnput 


1 





1 





3X-lnput 


1.5X-lnput 


1 





1 


1 


8X-lnput 


4X-lnput 


1 


1 








0.5X-lnput 


0.25X-lnput 


1 


1 





1 


0.25X-lnput 


0.125X-lnput 


1 


1 


1 





120.00 


60.00 


1 


1 


1 


1 


129.96 


64.98 
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CLOCK OUTPUT TABLE FOR ST49C1 07-05 (us- 
ing 14.318 MHz input. All frequencies in MHz). 



A1 AO 


CLOCK 





40.01 


1 


50.11 


1 


66.61 


1 1 


80.01 



TIMING DIAGRAM 



1X-CLOCK 
2X-CLOCK 
CLOCK 



-H k-n 

— W4— — 



T5 



— W 



/// 

/l/l/ 
Tl 

>! N 

i i 



T4 



T3 



BCLK 



T8 



T7 
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An HSf EXflRCompany Printed August 3, 1995 

PREPROGRAMMED CPU MOTHERBOARD FREQUENCY GENERATOR 



GENERAL DESCRIPTION 



SOIC Package 



The ST49C154 is a monolithic analog CMOS device 
designed to generate upto six simultaneous clock 
outputs for mother board and disk drive applications. 
It is designed in a \.2\x process to achieve 100 MHz 
operation with low clock jitter. 
The ST49C1 54 may be used to replace existing BUS, 
I/O, and disk drive clocks generated from individual 
oscillators so that board space and number of oscil- 
lators are reduced. The high speed analog CMOS 
phase locked loops use the 14.318 MHz system clock 
or external crystal connected between XTAL1 and 
XTAL2 as the reference clock (reference clock can be 
changed to generate non-standard frequencies from 
the standard programmed device). 
The ST49C154 is metal mask programmable to pro- 
vide any custom set of CPUCLK frequencies. The 
programmed clock outputs are selectable via four 
address lines for 1XCLK / 2XCLK outputs. The CPU 
clock makes glitch-free transitions from one fre- 
quency to the next and follows Intel's processors input 
clock specification. 



FEATURES 



• Pin -to-pin compatible to AV9154 

• Compatible with 286, 386, and 486 CPUs 

• Supports Turbo modes 

• Generates communications clock, keyboard 
clock, floppy disk clock, system reference clock, 
bus clock and CPU clock 

• Skew controlled 2X and 1X clocks 

• Programmable analog phase locked loop 

• High speed (up to 100 MHz output) 

• Low power single 3V / 5V CMOS technology 

• 16 pin dip or SOIC package 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST49C154CP16-XX Plastic-DIP 0° C to +70° C 
ST49C154CF16-XX SOIC 0° C to +70° C 



1.8 MHZ LI 

XTAL2 nr 

XTAL1 GE 

vcc [jZ 

GND 
24 MHZ \JT 
12 MHZ [T 
AGND f8 



AO I 1 ( 
XTAL2 [T 
XTAL1 [T 

vcc EH 

GND [IT 
24 MHZ [IT 
8 MHZ [T 
AGND [IT 



1^- 
CM 



O 

O 



CO 



o 



o 

"St 

m 
O 

CD 

? 

CO 



16| AO 
151 A1 
"141 2XCLK 

131 VCC 

12~1 GND 
TP 14.3 MHZ 
~T0~| A2 
~9~| OE 



3§] A1 

15^ 2XCLK 
~14~1 1XCLK 
~13~| VCC 
~12l GND 

TT1 14.3 MHZ 

101 A2 
~9l PD* 



A2 [jF 




~16~| AO 


XTAL2 [IT 


m 

CM 


~15l A1 


XTAL1 GIT 

vcc EH 


4CF16- 


~U \ 1XCLK 
l3~l VCC 


GND [JZ 


ID 
O 


~12~| GND 


32 MHZ [IT 


O) 

? 


TT| 14.3 MHZ 


8 MHZ \JT 


CO 


~T0~] A3 


AGND CH 




~9l PD* 



Rev. 1.0 
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BLOCK DIAGRAM 



Oscillator 
Circuit 



Clock 
Buffer 



Programmable 
Counter 
B 



Phase 




Charge 




Loop 






Detector 




Pump 




Filter 



Rom Table 
Select 
Logic 



Programmable 
Counter 

A 



B=5....128 
A=5....128 
C=l, 2, 4 



Voltage 
Controlled 
Oscillator 



Voltage 
Reference 
Circuit 



Divide 
By 114 
Counter 



Divide 
By 17 



Phase 




Charge 




Loop 


Detector 




Pump 




Filter 









Voltage 
Reference 
Circuit 



Voltage 
Controled 
Oscillator 



Output 
Buffers 



Programmable 
Counter 

C 



oil 



Programmable 
Counter 
C 



1XCLK 
2XCLK 



PDCLK 

1.8 MHz* 
8 MHz* 
12 MHz* 
16 MHz* 
24 MHz* 
32 MHz* 



* a Subset of these frequencies is available in each option 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


XTAL2 


2 


o 


Crystal output. 


XTAL1 


3 


I 


Crystal or External clock Input. 


VCC 


4,13 


I 


Digital supply voltage. Single +3 / +5 volts. 


GND 


5,12 


o 


Digital signal ground. 


AGND 


8 


o 


Analog ground. 


AO 


* 


I 


CPU clock frequency select address 0. 
ST49C154-4, -6, -16, -26, -60 > pin 1. 
ST49C154-5, -10, -25, -27 > pin 16. 


A1 


* 


I 


CPU clock frequency select address 1 . 
ST49C154-4, -6, -16, -26, -60 > pin 16. 
ST49C154-5, -10, -25, -27 > pin 15. 


A2 


* 


I 


CPU clock frequency select address 2. 
ST49C154-4, -26, -27 > pin 10. 
ST49C 154-5, -25 > pin 1. 
ST49C154-6, -16, -60 > pin 15. 


A3 


* 


I 


CPU clock frequency select address 3. 
ST49C154-5, -25 > pin 10. 


PD* 


* 


I 


Power down ( active low ). Shuts off entire chip when low. 
ST49C1 54-4, -5, -25, -26 > pin 9. 


OE 


* 


I 


Output enable ( active high / internal pull-up). Three states 
outputs when low. 
ST49C154-27>pin 9. 


PDCPU 




I 


Power down ( active high ). Shuts off 2XCLK output when 
high. 

ST49C154-6, -16, -60 > pin 10. 


PDREF 


* 


I 


Power down ( active high ). Shuts off the 14.318 MHz 
reference clock output. 
ST49C154-6, -16, -60 > pin 9. 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


PDCLK* 


* 


I 


Power down (active low). Shuts off the 1 .846 MHz, 8 MHz, 
16 MHz, and 24 MHz clock outputs. 
ST49C154-10>pin 9. 


1XCLK 


* 


O 


Selectable CPU clock output. 

ST49C154-4, -5, -6, -10, -16, -25, -60 > pin 14. 


2XCLK 


* 


O 


Selectable 2X-CPU clock output. 
ST49C154-4, -6, -60 > pin 15. 
ST49C154-27>pin 14. 


1.846 MHz 


* 


o 


1 .846 MHz clock output. 
ST49C154-10>pin7. 
ST49C154-27>pin 1. 


8 MHz 


* 


o 


8 MHz clock output. 
ST49C154-4, -5,-25 > pin 7. 
ST49C154-10>pin 1. 


12 MHz 


* 


o 


12 MHz clock output. 
ST49C154-16, -26, -27 > pin 7. 


14.318 MHz 


* 


o 


14.318 MHz reference clock output. 
ST49C154-4, -5, -6, -16, -25, -27, -60 > pin 11. 
o i *fyu 1 04- 1 u -> pin i u. 


16 MHz 


* 


o 


16 MHz clock output. 
ST49C154-5, -10>pin6. 


24 MHz 


* 


o 


24 MHz clock output. 

ST49C 154-4, -6, -16, -26, -27, -60 > pin 6. 
ST49C154-10>pin 11. 


32 MHz 


* 





32 MHz clock output. 
ST49C154-25>pin6. 
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SYMBOL DESCRIPTION (ST49C1 54-22 with 25 MHz reference frequency) 



Symbol 


Pin 


Signal Type 


Pin Description 


128 kHz 


* 


o 


128 kHz clock output. 
ST49C154-6, -60 > pin 7. 


XTAL2 


2 


o 


Crystal output. 


XTAL1 


1 


I 


Crystal or External clock input. 


VCC 


3,10,13 


I 


Digital supply voltage. Single +3 / +5 volts. 


GND 


4,12 


o 


Digital signal ground. 


AbNU 




u 


Analog ground. 


20 MHz 


15 


O 


20 MHz clock output. 


24 MHz 


5 


o 


24 MHz clock output. 


25 MHz 


11 


o 


25 MHz clock output. 


32 MHz 


6 


o 


32 MHz clock output. 


40 MHz 


14 


o 


40 MHz clock output. 
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ST49C154 ACTUAL OUTPUT FREQUENCIES (using 14.318 MHz input. All frequencies in MHz). 



A3A2A1 AO 


CLK 


lliiiiill 


CLK 


lliijilll 


CLK 


iisiiii 


liiiiiiill 






-5 


fllliilllllll 


-10 


lllllillll 


-25 


liiiiiiill 


-60 








2.15 


16.11 


PDCPU 


16.11 


2.15 


75.17 


8.182 





1 


8.18 


20.05 


40.09 


20.05 


8.18 


31.94 


16.11 


1 


o 


16.11 


25.06 


50.11 


25.06 


16.11 


60.136* 


20.05 


1 


1 


20.05 


33.24 


66.48* 


33.41 


20.05 


40.09 


25.06 


1 





25.06 


40.09 




40.09 


25.06 


50.11 


33.24 


1 


1 


33.24 


50.11 




50.11 


33.24 


66.48* 


40.09 


1 1 





40.09 


66.48 




66.48* 


40.09 


80.18* 


50.11 


1 1 


1 


50.11 


80.18* 




80.18* 


50.11 


51.90 


66.48* 


1 





4.30 








4.30 






1 


1 


16.11 








16.11 






1 1 





32.22 








32.22 






1 1 


1 


40.09 








40.09 






1 1 





50.11 








50.11 






1 1 


1 


66.48* 








66.48* 






1 1 1 





80.18* 








80.18* 






1 1 1 


1 


100.23* 








100.23* 






I/O 




8.00 


0.128 


1 .846 


12.00 


8.00 


1.846 


0.128 


Clocks 




14.318 


14.318 


8.00 


14.318 


14.318 


12.00 


14.318 






16.00 


24.00 


14.318 
16.00 
24.00 


24.00 


32.01 


14.318 
24.00 


24.00 



ST49C1 54-04, -26 ACTUAL OUTPUT FREQUENCIES (using 14.318 MHz input. All frequencies in MHz). 



A2A1 AO 


2XCLK 


1XCLK 







100.23* 


50.11 




1 


80.18* 


40.09 




1 


66.48* 


33.24 


XTAL2 pT 


1 1 


50.11 


25.06 


XTAL1 [IT 


1 


40.09 


20.05 


vcc [IT 


1 1 


32.22 


16.11 


1 1 


24.23 


12.12 


GND QT 


1 1 1 


15.75 


7.88 


24 MHZ nr 


I/O 


8.00, 


12.00** 


32 MHZ [JT 


Clocks 


24.00 




AGND [jT 




14.318 




N.C. [IT 



*These selections will only operate at 5V. 
** ST49C1 54-26 only 



CM 



O 

m 

O 

? 

CO 



16 I N.C. 
15~| 20 MHZ 
14] 40 MHZ 
l3~l VCC 
12] GND 
TT| 25 MHZ 

W] vcc 

~9~\ N.C. 
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ABSOLUTE MAXIMUM RATINGS 

Supply voltage 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 
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DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






liNilrti:;: 


Typ 


Max 














VlL 


Input low level 






0.8 


V 




VlH 


Input high level 


2.0 






V 




Vol 


Output low level 






0.4 


V 


Iol= 4.0 mA 


VOH 


Output high level 


2.4 






V 


Ioh = -8.0 mA 


IlL 


Input low current 






-5 


\xA 


VIN=0V 


llH 


Input high current 






5 


\iA 


VIN=Vcc 


Ice 


Operating current 




45 


60 


mA 


No load. 


I SB 


Stand by current 




15 




*iA 


Power down. 


Isc 


Short circuit current 


25 


40 




mA 


Each output clock 


Cl 


Input capacitance 




10 




PF 


Except XtaM ,2 


Cl 


Load capacitance 




20 




PF 





A2 [jT 




"161 AO 


XTAL2 []T 


in 
o 
i 


75] A1 


XTAL1 [IT 


CO 


IT) 1XCLK 




ul 




vec Q" 


O 


l3l VCC 


GND [IT 


C15 


121 GND 


16 MHZ [IT 


O) 

? 


ITl 14.3 MHZ 


8 MHZ [JZ 


CO 


10l A3 


AGND QT 




~9~1 PD* 



AO [jC 




16~] A1 


XTAL2 [T; 


CD 

9 


151 A2 


XTAL1 [3Z 


CO 


"141 1XCLK 


LL 




vec [H 


O 


13~] VCC 


GND 


O 


121 GND 


24 MHZ [T; 


? 


ITl 14.3 MHZ 


128 kHZ [JZ 


CO 


lO] PDCPU 


AGND [IT 




~9~1 PD* 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 





r di at i icici 




1 limits 




l Initc 








Mm 


Typ 


MUX 














T. 
1 4 


rcise iirne 




i 


z 


ns 


i opr loao u.o 10 
2.0V 


Ts 


Fall time 




1 


2 


ns 


15pF load 0.8 to 
2.0V 


Te 


Duty cycle 


40 


48/52 


60 


% 


15pF load 


Tr 


Reference clock duty cycle 


40 


48/52 


55 


% 




Tt 


Frequency transition time 






20 


ms 


From 2-20MHZ 


Tp 


Power up time 




15 




ms 


From off to 50MHz 


Ti 


Input frequency 




14.318 




MHz 




Tjis 


Jitter, 1 sigma 




±0.5 


±2 


% 


All frequencies 


Tja 


Jitter, absolute 




±2 


±5 


% 


All frequencies 


Ts 


Input frequency 




14.318 




MHz 




T9 


Input clock rise time 






20 


ns 




Tio 


Input clock fall time 






20 


ns 




Te 


Enable pulse width 


20 






ns 




Ts 


Clock skew berween 1XCLK 
and 2XCLK 




0.5 


1.0 


ns 





8 MHZ 


□: 




16] AO 


XTAL2 


ce 


o 


~15l A1 


XTAL1 


cr 


CD 


l4~l 1XCLK 






ll 




vcc 


nr 


4C 


"131 VCC 


GND 


CE 


C15 


~12l GND 


16 MHZ 


q: 


? 


~TT] 24 MHZ 








1.8 MHZ 






"TOI 14.3 MHZ 


AGND 


(X 




~TTj PDCLK* 



AO 


□: 




Te] 


A1 


XTAL2 


en 


CD 


151 


A2 












XTAL1 


en 


CD 
t— 


J4] 


1XCLK 






LL 






vcc 


LX 


O 


131 


vcc 




x 








GND 


o 


j2 


GND 


24 MHZ 


X 




jH 


14.3 MHZ 


12 MHZ 


[X 


CO 


Ton 


PDCPU 


AGND 


en 






PDREF 
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ABSOLUTE MAXIMUM RATINGS 

Supply voltage 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



H 
O 



DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=3.3 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 
















VlL 


Input low level 






0.15VCC 


V 




VlH 


Input high level 


0.7VCC 






V 




Vol 


Output low level 






0.4 


V 


Iol= 8.0 mA 


Voh 


Output high level 


VCC-0.4V 






V 


Ioh = -4.0 mA 


l,L 


Input low current 


-5 




-5 


jxA 


VIN=0 


llH 


Input high current 


-5 




5 


\iA 


VIN=Vcc 


Ice 


Operating current 




20 




mA 


No load. 


ISB 


Stand by current 




15 




jaA 


Power down. 


Cl 


Input capacitance 






10 


PF 


Except Xtal 1,2 


Cl 


Load capacitance 




30 




PF 





ao rrj " 

XTAL2 [IT 
XTAL1 [IT 
VCC GT 
GND [jr 

24 MHZ \JT 
12 MHZ CE. 
AGND [jT 



CD 



O 



O 



CO 



161 A1 
"15"] 2XCLK 
3S 1XCLK 
13] VCC 
~12~1 GND 
"1T| 14.3 MHZ 
lOl A2 
~9l PD* 



AO Q 
XTAL2 \jT 
XTAL1 [3T 
VCC Q~ 
GND [H 
24 MHZ [H 
128 kHZ \JT 
AGND \JT 



O 

<? 
CO 



O 

T— 

O 

O) 

? 



16] A1 
"151 A2 
141 1XCLK 
"13~I VCC 
"12~| GND 
TT1 14.3 MHZ 
lOl PDCPU 
~"9~| PD* 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=3.3 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 








Typ 


Max 














T 4 


Rise time 






4 


ns 


15pF load. 


Ts 


Fall time 






4 


ns 


15pF load. 


Te 


Duty cycle 


40 


48/52 


60 


% 


15pF load. 


Tt 


Frequency transition time 






20 


ms 


From 2-20MHZ 


Tp 


Power up time 




15 




ms 


From off to 50MHz 


Tf 


Output frequency 


2 




50 


MHz 




Ts 


Input frequency 


2 


14.318 


32 


MHz 




TlF 


Input clock rise/fall time 






20 


ns 




Tjis 


Jitter, 1 sigma 




±0.5 


±2 


% 


All frequencies 


Tja 


Jitter, absolute 




±3 


±5 


% 


All frequencies 


T 9 


Input clock rise time 






20 


ns 




T10 


Input clock fall time 






20 


ns 




Te 


Enable pulse width 


20 






ns 
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TIMING DIAGRAM 



A0-A3 



EXTERNAL 
CLOCK 

1.846 MHz 
8 MHz 
12 MHz 
16 MHz 
24 MHz 
32 MHz 
1XCLK 
2XCLK 



->l k-T10 



\4- 



-H h<-T4 

— 



->l H"T5 
—►I 



->| T8 



T9 



/// 

-W N-T7 



T6 



T6 



14.318 MHz 




-Jk-T5 T4-^U- 
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ST49C155 



An EXMRCompany Printed August 3, 1995 

PREPROGRAMMED CPU MOTHERBOARD FREQUENCY GENERATOR 



GENERAL DESCRIPTION 



SOIC Package 



The ST49C155 is a monolithic analog CMOS device 
designed to generate eight simultaneous clock out- 
puts for mother board applications. It is designed in a 
1 .2\i process to achieve 100 MHz operation with low 
clock jitter. 

The ST49C155 may be used to replace existing BUS 
and I/O clocks generated from individual oscillators so 
that board space and number of oscillators are 
reduced. The high speed analog CMOS phase locked 
loops use the 14.318 MHz system clock or external 
crystal connected between XTAL1 and XTAL2 as the 
reference clock (reference clock can be changed to 
generate non-standard frequencies from the standard 
programmed device). 

The ST49C155 is metal mask programmable to pro- 
vide any custom set of CPUCLK frequencies. The 
programmed clock outputs are selectable via four 
address lines for 1XCLK / 2XCLK outputs. 



CLK1 |_1 
XTAL2 [IT 
XTAL1 [IT 
DVCC Q~ 
DGND [IT 
CLK2 [Jin 
CLK3 [JT 
CLK4 [IT 
AGND [jF 

OE [To 



o o 
66 

CM 
U_ li- 

88 

in in 



"201 AO 
"191 A1 
18] 1XCLK 
171 2XCLK 
l6l AVCC 
"151 AGND 
"141 CLK6 
131 CLK5 
~12l PD* 
Til A2 



FEATURES 



• Can replace multiple oscillators/crystals 

• Pin -to-pin compatible to AV9155 

• Compatible with 286, 386, and 486 CPUs 

• Supports Turbo modes 

• Generates communications clock, keyboard 
clock, floppy disk clock, system reference clock, 
bus clock and CPU clock 

• Skew controlled 2X and 1X clocks 

• Programmable analog phase locked loop 

• High speed (up to 100 MHz output) 

• Low power single 5V CMOS technology 

• 20 pin dip or SOIC package 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST49C155CP20-XX Plastic-DIP 0° C to +70° C 

ST49C155CF20-XX SOIC 0° C to +70° C 

ST49C155CJ20-XX PLCC 0° C to +70° C 

Rev. 10 



CLK1 [jF 




~20] AO 


XTAL2 [IF 




191 A1 


XTAL1 GT 


CO 


JOB A2 


DVCC (~F 


CM 


171 1XCLK 


DGND [IF 


8 


~16~1 AVCC 


CLK2 [IF 


1 


15] AGND 


CLK3 [JF 




14~1 CLK6 


CLK4 [IF 




IF! CLK5 


AGND [JZ 




"12"! PD* 


OE flO" 




TT1 A3 
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BLOCK DIAGRAM 



Oscillator 
Circuit 



Clock 
Buffer 



Programmable 
Counter 
B 



Phase 
Detector 



Charge 
Pump 




Rom Table 
Select 
Logic 



Programmable 
Counter 

A 



B=5....128 
A=5....128 
Ol, 2, 4 



Voltage 
Controled 
Oscillator 



Voltage 
Reference 
Circuit 



Divide 
By 114 
Counter 



Divide 
By 17 
Counter 



Phase 




Charge 




Loop 


Detector 




Pump 




Filter 







Voltage 
Reference 
Circuit 



Voltage 
Controled 
Oscillator 



Output 
Buffers 



Programmable 
Counter 
C 



*<3 S 



Programmable 
Counter 
C 



1XCLK 
2XCLK 



OE 

CLK1 
CLK2 

CLK3 
CLK4 
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SYMBOL DESCRIPTION ( ST49C155-01/ -02) 



Symbol 


Pin 


Signal Type 


Pin Description 


CLK1 




O 


1 8432 MH7 dock outnut 


XTAL2 


2 


O 




XTAL1 


3 


I 


Crvstal or Fxtprnal clonk in nut 


DVCC 


4 


I 


Dioital suoolv voltaoe Sinnle +5 volts 


DGND 


5 


O 


Digital signal ground. 


CLK2 


6 


O 


1 6 MHz ( ST49C1 55-01 ) or 32 MHz ( ST49C1 55-02 ) clock 
outnut 


CLK3 


7 


O 


24 MH7 flonnv disk clock outnut 

IVII I4L 1 1 W Y*\J J VllOfx vlvvix \J VJk I ■ 


CLK4 


8 


O 


12 MHz kevboard clock outnut 


AGND 


g 


O 


Analon around 


OE 


10* 


O 


Output Enable (active high). Low on this pin sets all the 
outputs to three state mode. 


A2 


11 


I 


CPU clock frequency select address 2. 


PD* 


12* 


I 


Power down ( active low ). Shuts off entire chip when low. 


CLK5 


13 


O 


14.318 MHz reference clock output. 


CLK6 


14 


O 


14.318 MHz reference clock output. 


AGND 


15 


O 


Analog ground. 


AVCC 


16 




Analog supply voltage. Single +5 volts. 


2XCLK 


17 




2X CPU clock output. 


1XCLK 


18 




1X CPU clock output. 


A1 


19 




CPU clock frequency select address 1 . 


AO 


20 




CPU clock frequency select address 0. 



"Have internal pull-up resistor on inputs 

1-55 
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SYMBOL DESCRIPTION ( ST49C155-03) 



Symbol 


Pin 


Signal Type 


Pin Description 


CLK1 


1 


O 


6 MHz clock output. 


XTAL2 


2 


O 


Crystal output. 


XTAL1 


3 


I 


Crystal or External clock input. 


DVCC 


4 


I 


Digital supply voltage. Single +5 volts. 


DGND 


5 


o 


Digital signal ground. 


CLK2 


6 


o 


24 MHz floppy disk clock output. 


CLK3 


7 


o 


16 MHz bus clock output. 


CLK4 


8 


o 


8 MHz keyboard clock output. 


AGND 


9 


o 


Analog ground. 


OE 


10* 


o 


Output Enable (active high). Low on this pin sets all the 
outputs to three state mode. 


A3 


11 


I 


CPU clock frequency select address 3. 


PD* 


12* 


I 


Power down ( active low ). Shuts off entire chip when low. 


CLK5 


13 


o 


14.318 MHz reference clock output. 


CLK6 


14 


o 


14.318 MHz reference clock output. 


AGND 


15 


o 


Analog signal ground. 


AVCC 


16 




Analog supply voltage. Single +5 volts. 


1XCLK 


17 




CPU clock output. 


A2 


18 




CPU clock frequency select address 2. 


A1 


19 




CPU clock frequency select address 1 . 


AO 


20 




CPU clock frequency select address 0. 



"Have internal pull-up resistor on inputs 
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CPU CLOCK TABLE FOR ST49C1 55-01 , -02 (using 
14.318 MHz input. All frequencies in MHz). 



A2A1 AO 


2XCLK 


1XCLK 





8 


4 


1 


16 


8 


1 


32 


16 


1 1 


40 


20 


1 


50 


25 


1 1 


66.66 


33.33 


1 1 


80 


40 


1 1 1 


100 


50 



ST49C155-03 (using 14.318 MHz input. All fre- 
quencies in MHz). 



A3A2A1 AO 


1XCLK 











16 








1 


40 





1 





50 





1 


1 


80 


1 








66.66 


1 





1 


100 


1 


1 





8 


1 


1 


1 


4 


1 








8 


1 





1 


20 


1 


1 





25 


1 


1 


1 


40 


1 1 








33.33 


1 1 





1 


50 


1 1 


1 





4 


1 1 


1 


1 


2 



ST49C1 55-23 (using 14.318 MHz input. All fre- 
quencies in MHz). 



A2A1 AO 


2XCLK 


1XCLK 





75 


37.5 


1 


32 


16 


1 


60 


30 


1 1 


40 


20 


1 


50 


25 


1 1 


66.66 


33.33 


1 1 


80 


40 


1 1 1 


52 


26 



PERIPHERAL CLOCK TABLE FOR ST49C1 55-01 



CLK1 


CLK2 


CLK3 


CLK4 


1.8432 


16 


24 


12 



PERIPHERAL CLOCK TABLE FOR ST49C1 55-02 



CLK1 


CLK2 


CLK3 


CLK4 


1 .8432 


32 


24 


12 



PERIPHERAL CLOCK TABLE FOR ST49C1 55-03 



CLK1 


CLK2 


CLK3 


CLK4 


6 


24 


16 


8 



PERIPHERAL CLOCK TABLE FOR ST49C1 55-23 



CLK1 


CLK2 


CLK3 


CLK4 


1.843 


16 


24 


12 
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ACTUAL OUTPUT FREQUENCIES 



CPU CLOCK TABLE FOR ST49C1 55-01, -02 



A2A1 AO 


llllllll 


1XCLK 





7.5 


3.75 


1 


15.51 


7.76 


1 


32.22 


16.11 


1 1 


40.09 


20.05 


1 


50.11 


25.06 


1 1 


66.82 


33.41 


1 1 


80.18 


40.09 


1 1 1 


100.23 


50.11 



CPU CLOCK TABLE FOR ST49C1 55-03 



A3A2A1 AO 


llllll 











15.51 








1 


40.09 





1 





50.11 





1 


1 


80.18 


1 








66.82 


1 





1 


100.23 


1 


1 





7.58 


1 


1 


1 


4.30 


1 








7.76 


1 





1 


20.05 


1 


1 





25.06 


1 


1 


1 


40.09 


1 1 








33.41 


1 1 





1 


50.11 


1 1 


1 





3.79 


1 1 


1 


1 


2.15 



CPU CLOCK TABLE FOR ST49C1 55-23 



A2A1 AO 


i|§!!!li 


1XCLK 





75.170 


37.585 


1 


31.940 


15.970 


1 


60.136 


30.068 


1 1 


40.090 


20.045 


1 


50.113 


25.057 


1 1 


66.476 


33.238 


1 1 


80.181 


40.091 


1 1 1 


51 .903 


25.952 



PERIPHERAL CLOCK TABLE FOR ST49C1 55-01 



CLK1 


CLK2 




CLK4 


1 .8432 


16 


23.71 


11.86 



PERIPHERAL CLOCK TABLE FOR ST49C1 55-02 



CLK1 


CLK2 


lliiili! 


CLK4 


1 .8432 


32.01 


24 


12 



PERIPHERAL CLOCK TABLE FOR ST49C1 55-03 



CLK1 


liiiili 


CLK3 


!§!!!! 


6 


24 


16 


8 



PERIPHERAL CLOCK TABLE FOR ST49C1 55-23 



CLK1 


llllll! 


CLK3 


1111111 


1.843 


16 


24 


12 
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ABSOLUTE MAXIMUM RATINGS 



Supply voltage 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



7 Volts 

GND-0.3 V to VCC+0.3 V 
0° C to +70° C 
-40° C to +150° C 
500 mW 



DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 



Parameter 



Vil Input low level 
Vh Input high level 
Vol Output low level 
Voh Output high level 
Input low current 

Input high current 
Ice Operating current 
Rin Internal pull-up resistance 



Min 


Limits 
Typ 


Max 






0.8 


2.0 










0.4 


2.4 










-1 






1 




45 


65 




680 





Units 


Conditions 


V 




V 




V 


ioL= 8.0 mA 


V 


Ioh = 8.0 mA 


mA 


Except pins 2, 10, 




12 


mA 


VIN=Vcc 


mA 


No load. 


kQ 


Pins 10,12 



FREQUENCY TRANSITIONS 



The ST49C1 55 is designed to provide smooth, glitch- 
free frequency transitions on the 1XCLK and 2XCLK 
clocks when the frequency select pins are changed. 
These frequency transitions are less than 0.1% fre- 
quency change per clock period. 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 
















T4 


Rise time 




1 


2 


ns 


0.8V -2.0V, 15pF 


Ts 


Fall time 




1 


2 


ns 


2.0V -0.8V, 15pF 


Te 


Duty cycle 


40 


48/52 


60 


% 


1 .4V switch point 


Te 


Duty cycle 


40 


48/52 


55 


% 


Vcc/2 switch point 


T 7 


Jitter 1 sigma 




±0.5 


±2 


% 




T7 


Jitter absolute 




±2 


±5 


% 




Ts 


Input frequency 




14.318 




MHz 




T 9 


Input clock rise time 






20 


ns 




T10 


Input clock fall time 






20 


ns 
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TIMING DIAGRAM 
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CLK2 

CLK3 

CLK4 

1XCLK 

2XCLK 



T6 



-H k-T4 

— 



->l k-T10 



-p\ KT5 
— H 



T6 



-W T8 



T9 



11 
/// 

/!/ / I 
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CLK5 
CLK6 



->l k-T5 



T4 
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m> STARTECH 



An DWRCompany Printed August 3, 1995 

PREPROGRAMMED CPU MOTHERBOARD FREQUENCY GENERATOR 



GENERAL DESCRIPTION 



SOIC Package 



The ST49C158 is a monolithic analog CMOS device 
designed to generate eight simultaneous clock out- 
puts for mother board and green PC applications. It is 
designed in a \.2\x process to achieve 100 MHz 
operation with low clock jitter. The CPU and 2XCPU 
outputs are skew controlled within 250 psec. 
The ST49C1 58 is designed for desktop and notebook 
PC's and supports Energy Star PC's. The ST49C1 58 
can accept 14.318 MHz system clock or external 
crystal connected between XTAL1 and XTAL2 as the 
reference clock (reference clock can be changed to 
generate non-standard frequencies from the standard 
programmed device). 

The ST49C158 is metal mask programmable to pro- 
vide any custom set of 2XCPU frequencies. The 
programmed clock outputs are selectable via three 
address lines for CPU clocks. 



ixcpu LA 

XTAL2 d 
XTAL1 GT 
DVCC 

DGND \JT 
CLK1 [IT 
CLK2 [T 
1XCPU [j[ 
AGND [j[ 
OE [W 
CPU5 QI 
DGND [12 



CM 
LL- 
O 
CO 

to 
O 

CD 
CO 



24 1 AO 
23] A1 

~22~l 2XCPU 
2T1 CPU1 
20] DVCC 
191 DGND 
181 BCLK 
17] CPU4 
16] AVCC 

"151 A2 

141 1XCPU 

~13] 1XCPU 



DIP Package 



FEATURES 



• Can replace multiple oscillators/crystals 

• Pin -to-pin compatible to ICS9158 

• Compatible with 286, 386, and 486 CPUs 

• Skew controlled 2X and 1X CPU clocks 

• Programmable analog phase locked loop 

• High speed (up to 100 MHz output) 

• Low power single 5V CMOS technology 

• Smooth and glitch-free clock transitions 

• 24 pin PDIP or SOIC package 



ORDERING INFORMATION 



Part number 

ST49C158CP24 

ST49C158CF24 



Package Operating temperature 
Plastic-DIP 0° C to +70° C 
SOIC 0° C to +70° C 



1XCPU 


x 


XTAL2 


X 


XTAL1 


X 


DVCC 


x 


DGND 




CLK1 


IX 


CLK2 




1XCPU 


pr 


AGND 


X 


OE 




CPU5 


X 


DGND 


X 




Rev. 1.0 
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BLOCK DIAGRAM 
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A0-A2 



Oscillator 
Circuit 



Programmable 
Counter 
B 



Phase 




Charge 




Loop 






Detector 




Pump 
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Rom Table 
Select 
Logic 



Programmable 
Counter 

A 
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A=5....128 
C=l, 2, 4 



Voltage 
Controled 
Oscillator 
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Circuit 



Divide 
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Counter 



Divide 
By 17 



Phase 




Charge 




Loop 


Detector 




Pump 




Filter 
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C 



3 6 
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C 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


1XCPU 


1 


o 


1X-CPU clock output. 


XTAL2 


2 


o 


Crystal output. 


XTAL1 


3 


I 


Crystal or External clock input. 


DVCC 


4 


I 


Digital supply voltage. Single +5 volts. 




c 



U 


Digital signal ground. 


CLK1 


6 


O 


Fixed clock output. 






U 


Fixed clock output. 




Q 
O 


r\ 
U 


lA-UrU CIOCK OUtpUt. 


AblNU 


Q 

y 


r\ 
U 


Analog ground. 


Ut 


I u 


r\ 
U 


Output Enable (active high). Low on this pin sets all of the 
programmable outputs to three state mode. 


CPU5 


11 





1Xor2XCPU clock output. 


DGND 


12 





Digital signal ground. 


1XCPU 


13 


o 


1X CPU clock output. 


1XCPU 


14 


o 


1X CPU clock output. 


AO 


1 


1 
1 


i a ana zx uru ciock irequency seieci aaaress z. 


AVCC 


16 


1 


Analog supply voltage. Single +5 volts. 


CPU4 


17 


o 


1Xor2XCPU clock output. 


BCLK 


18 





Buffered 14.31818 MHz clock output. 


DGND 


19 


o 


Digital signal ground. 


DVCC 


20 


1 


Digital supply voltage. Single +5 volts. 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


CPU1 


21 


I 


1X or 2X CPU clock output. 


2XCPU 


22 


I 


2X-CPU clock output. 


A1 


23* 


I 


1X and 2X CPU clock frequency select address 1 . 


AO 


24* 


I 


CPU clock frequency select address 0. 



*Have internal pull-up resistor on inputs 



ACTUAL OUTPUT FREQUENCIES 

CPU CLOCK TABLE FOR ST49C1 58-03 (using 
14.318 MHz input. All frequencies in MHz). 



A2A1A0 


2XCPU 


CPU 


CPU 






2, 3,6,7 


1,4,5 





32.00 


16.00 


16 


1 


32.00 


16.00 


32 


1 


32.00 


16.00 


16 


1 1 


32.00 


16.00 


32 


1 


50.00 


25.00 


25 


1 1 


50.00 


25.00 


50 


1 1 


66.67 


33.33 


33.33 


1 1 1 


60.00 


30.00 


30 



PERIPHERAL CLOCK TABLE CHART FOR 
ST49C1 58-03 (MHz) 



CLK1 


CLK2 


40 


24 



FREQUENCY TRANSITIONS 

The ST49C1 58 is designed to provide smooth, glitch- 
free frequency transitions on the CPU and 2XCPU 
clocks when the frequency select pins are changed. 
These frequency transitions are less than 0.1% fre- 
quency change per clock period. 

STOP CLOCK ( Mask Option) 



The OE pin can either three state the CPU output 
clocks or stop them in the low state without a glitch. 
The selection between the two features is done 
through a metal mask option. 

ST49C1 58-03 uses the three state option. 
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ABSOLUTE MAXIMUM RATINGS 

Supply voltage 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



H 
CO 

O 

Ol 
00 



DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, V cc =5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


















VlL 


Input low level 






0.8 


V 




VlH 


Input high level 


2.0 






V 




Vol 


Output low level 






0.4 


V 


Iol= 8.0 mA 


Voh 


Output high level 


2.4 






V 


Ioh = -8.0 mA 


IlL 


Input low current 






-40 


^iA 


Except pins 2, 10 


llH 


Input high current 






40 


^iA 


VI N = Vcc 


Ice 


Operating current 




50 


80 


mA 


No load. 


RlN 


Internal pull-up resistance 




800 




kQ 


Pin 10 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, V cc =5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 
















T 4 


Output rise time 




1 


2 


ns 


0.8V - 2.0V, 20pF 


Ts 


Output fall time 




1 


2 


ns 


2.0V - 0.8V, 20pF 


Te 


Duty cycle 


40 


48/52 


60 


% 


1 .4V switch point 


Tr 


Jitter 1 sigma 




±0.5 


±2 


% 




T7 


Jitter absolute 




±2 


±5 


% 




Ts 


Input frequency 


7 


14.318 


20 


MHz 




T 9 


Input clock rise time 






20 


ns 




Tsk 


Clock skew between CPU outputs 




±100 


±300 


ps 





TIMING DIAGRAM 



A0-A2 



2XCPU 
1XCPU 



cpu* N Hi ir -41 



->+«- ■ . N 



T6 T6 



->| T8 

1/ 



j 

EXTERNAL / 

CLOCK / i K__ J | 

_ " 

CLK1 
CLK2 



-Wk-T10 T9->lK- 



11 
hi 



BCLK 




->lk-T5 T4->| I N- 
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An 2E* EXflRCompany Printed August 3, 1995 

PREPROGRAMMED DUAL VIDEO/MEMORY FREQUENCY GENERATOR 



GENERAL DESCRIPTION 



The ST49C214 is a monolithic analog CMOS device 
designed to generate dual frequency outputs from 
sixteen possible combinations for video Dot clock 
frequencies and four memory clock frequencies for 
high performance video display systems. The 
ST49C214 is a mask option programmable device to 
provide different output frequencies for custom appli- 
cations. It is designed with 1.2u. process to achieve 
100 MHz speed for high end frequencies. 
The ST49C214 is designed to replace existing video 
clocks generated from individual oscillators, to reduce 
board space and number of oscillators. To provide 
high speed and low jitter clock, The ST49C21 4 utilizes 
high speed analog CMOS phase locked loop using 
14.318 MHz system clock as reference clock (refer- 
ence clock can be changed to generate optional 
frequencies from standard programmed device) or 
external crystal connected between XTAL1 and 
XTAL2. 

The ST49C214 can provide optional clock frequen- 
cies, utilizing single layer metal mask option. The 
programmed clock outputs are selectable via four 
address lines and address latch enable pin for video 
Dot clock selection and two address lines for memory 
clock selection. 



FEATURES 



• Can replace multiple oscillators/crystals 

• Pin -to-pin compatible to ICS2494, AV9194 

• Programmable analog phase locked loop 

• High speed (up to 100 MHz output) 

• Low power single 5V CMOS technology 

• 20 pin dip or SOIC package 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST49C214CP20-XX Plastic-DIP 0° C to +70° C 

ST49C214CF20-XX SOIC 0° C to +70° C 

ST49C214CJ20-XX PLCC 0° C to +70° C 



SOIC Package 



XTAL1 


LL 




JO] 


DVCC 


XTAL2 


X 




J9] 


DCLK 


EXCLK/MA2 


X 




H3 


BCLK 


AO 


x 


o 

CM 
11 


3S 


DGND 


A1 


X 


•9C214CI 


JS 


AGND 


LEN 


X 




AVCC 


A2 


X 


ST4 


za 


AGND 


A3 


X 




DVCC 


MAO 


X 






MCLK 


DGND 


X 




JH 


MA1 



Plastic-DIP Package 



XTAL1 X 




~20] DVCC 


XTAL2 X 




"191 DCLK 


EXCLK/MA2 X 




~18] BCLK 


AO X 


P20 


17] DGND 


A1 X 


14C 


~16] AGND 


LEN X 


^9C2 


151 AVCC 


A2 X 


ST A 


"141 AGND 


A3 X 




~13l DVCC 


MAO X 




l2l MCLK 


DGND X 




IT] MA1 



Rev. 1.0 
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BLOCK DIAGRAM 



k5 ^ 



8 

«5 



A0-A3 
LEN 
MAO-MAI 









I 


Oscillator 
Circuit 




Clock 




Buffer 



Output 
Mux 



DCLK 



Programmable 
Counter 
B 



Phase 
Detector 



Charge 
Pump 



Loop 
Filter 



Programmable 
Counter 

A 



B=5...J28 
A=S....128 
C=l, 2, 4 



Voltage 
Controled 
Oscillator 



Voltage 
Reference 
Circuit 



Rom Table 
Select 
Logic 



Programmable 
Counter 
B 



Programmable 
Counter 

C 



Programmable 
Counter 

A 



B=S....128 
A=5....128 
C=l, 2, 4 



Phase 
Detector 



Charge 
Pump 



Loop 
Filter 



Voltage 
Reference 
Circuit 



Voltage 
Controled 
Oscillator 



Output 
Mux 



MCLK 



Programmable 
Counter 

C 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


XTAL1 


1 


I 


Crystal or external clock input. A crystal can be connected 
to this pin and XTAL2 pin to generate internal phase locked 
loop reference clock. For external 14.318 MHz clock, 
XTAL2 is left open or used as buffered clock output. 


XTAL2 


2 


O 


Crystal output. 


EXCLK/MA2 


3* 


I 


External clock input or Memory clock select address 3 


AO 


4* 


I 


Dot clock Frequency select address 1 . 


A1 


5* 


I 


Dot clock Frequency select address 2. 


LEN 


6* 


I 


Address latch enable input (active high). To latch selected 
programmed clock output. 


A2 


7* 


I 


Dot clock Frequency select address 3. 


A3 


8* 


I 


Dot clock Frequency select address 4. 


MAO 


9* 


I 


Memory clock Frequency select address 1 . 


GND 


10 





Digital and Analog ground. 


MA1 


11* 


I 


Memory clock Frequency select address 2. 


MCLK 


12 


o 


Programmed memory clock output frequency. 


DVCC 


13 


I 


Digital supply voltage. Single +5 volts. 


GND 


14 


o 


Digital and Analog ground. 


AVCC 


15 


I 


Analog supply voltage. Single +5 volts. 


GND 


16 


o 


Digital and Analog ground. 


GND 


17 


o 


Digital and Analog ground. 


BCLK 


18* 





Buffered crystal clock output frequency. 


DCLK 


19 


o 


Programmed video clock output frequency. 


DVCC 


20 


I 


Digital supply voltage. Single +5 volts. 



* Have internal pull-up resistor on inputs. 
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FREQUENCY SELECT CALCULATION 



The ST49C21 4 contains an analog phase locked loop 
circuit with a digital closed loop divider and a final 
series divider to achieve desired dividing ratios for 
clock output. 

The accuracy of the frequencies produced by the 
ST49C214 depends on the input frequency and final 
output frequency. The formula for calculating the 
exact output frequency is as follows: 

XCLK = (Reference clock) X A/(B X C) 

where A=5, 6, 7, 256 

B=5, 6, 7, 128, AND 

0=1,2,3,4,6,12 



For proper output frequency, the ST49C214 can ac- 
cept reference frequency from 5 - 40 MHz and divider 
ratio up to 15. 



MASK OPTIONS 

The following mask option are provided for custom 
applications. 

*Any frequency can be in any decoding position. 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +1 50° C 

Package dissipation 500 mW 



H 

CD 

O 
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DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














VlL 


Input low level 






0.8 


V 




VlH 


Input high level 


2.0 






V 




Vol 


Output low level 






0.4 


V 


Iol= 8.0 mA 


Voh 


Output high level 


2.4 






V 


Ioh = 8.0 mA 


IlL 


Input low current 






-350 


\xA 


Except crystal 
input 


llH 


Input high current 






1 


fxA 


VIN=Vcc 


Ice 


Operating current 




35 


50 


mA 


No load. 

DCLK=80MHz, 

MCLK=40MHz 


RlN 


Internal pull-up resistance 


15 


20 


25 


kQ 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70°C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 








Typ 


Max 
















Ti 


Enable pulse width 


20 






ns 




T 2 


Setup time data to enable 


20 






ns 




T3 


Hold time to data enable 


10 






ns 




T4 


Rise time 




2 


3 


ns 


0.8V -2.0V, 15pF 


T 5 


Fall time 




2 


3 


ns 


2.0V -0.8V, 15pF 


Te 


Duty cycle 


40 


48/52 


60 


% 


1 .4V switch point 


Te 


Duty cycle 


45 


48/52 


55 


% 


Vcc/2 switch point 


T7 


Jitter 1 sigma 




±0.5 


±2 


% 




Tt 


Jitter absolute 




±2 


±5 


% 




Ts 


Input frequency 


14.318 




32 


MHz 




T 9 


Input clock rise time 






20 


ns 




T10 


Input clock fall time 






20 


ns 
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TIMING DIAGRAM 



LEN 



A0-A3 
MA0-MA1 



EXCLK 



MCLK 
DCLK 



T2 H-H 



T1 



T6 



h4- 



-W 



T3hH 



— >M 



->l k-no 



->l K-T5 
— M 



T6 



-W T8 



T9->^ K- 



/// 
-W H4-T7 



BCLK 



-►I k-Tto 
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Video clock 
address 
(Hex) 


ST49C214-1 


ST49C214-2 


ST49C214-3 


ST49C214-4 


ST49C214-5 


Frequency 
(MHz) 


Frequency 
(MHz) 


Frequency 
(MHz) 


Frequency 
(MHz) 


Frequency 
(MHz) 





XTAL 


30.000 


25.175 


20.000 


50.350 


1 


65.028 


77.250 


28.325 


24.000 


56.644 


2 


EXCLK 


EXCLK 


85.000 


32.000 


65.000 


3 


36.000 


80.000 


44.900 


40.000 


72.000 


4 


25.175 


31.500 


40.000 


50.000 


80.000 


5 


28.322 


36.000 


48.000 


66.667 


89.800 


6 


24.000 


75.000 


50.000 


80.000 


63.000 


7 


40.000 


50 000 


81.150 


100 000 

1 \J\J . \J\J\J 


75.000 


8 


44.900 


40.000 


25.175 


54.000 


25.175 


9 


50.350 


50.000 


28.325 


70.000 


28.322 


A 


16.257 


32.000 


37.500 


90.000 


31.500 


B 


32.514 


44.900 


44.900 


110.000 


36.000 


C 


56.644 


25.175 


40.000 


25.000 


40.000 


D 


20.000 


28.322 


32.500 


33.333 


44.900 


E 


41.539 


65.000 


50.000 


40.000 


50.000 


F 


80.000 


36.000 


65.000 


50.000 


65.000 


Memory 


Frequency 


Frequency 


Frequency 


Frequency 


Frequency 


clock 


(MHz) 


(MHz) 


(MHz) 


(MHz) 


(MHz) 


address 












(Hex) 















32.900 


36.000 


36.000 


16.000 


40.000 


1 


35.600 


44.347 


40.000 


24.000 


41.612 


2 


43.900 


37.500 


45.000 


50.000 


44.744 


3 


49.100 


44.773 


50.000 


66.667 


50.000 


Compatible with ICS-236 
AV-36 

Video Controller GD641 


ICS-242 
AV-42 

WD90C30 


ICS-231 

ET4000 


ICS-244 
AV-44 


ICS-237 

ET4000 
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ST49C214-6 


ST49C214-8 


ST49C214-9 


ST49C214-10 


ST49C214-16 














Video clock 












address 


Frequency 


Frequency 


Frequency 


Frequency 


Frequency 


(Hex) 


(MHz) 


(MHz) 


(MHz) 


(MHz) 


(MHz) 





25.175 


25.175 


25.175 


30.250 


XTAL 


1 


28.322 


28.322 


28.322 


65.000 


16.257 


2 


40.000 


40.000 


40.000 


85.000 


EXCLK 


3 


65.000 


32.500 


EXCLK 


36.000 


32.514 


4 


44.900 


50.000 


50.000 


25.175 


25.175 


5 


50.000 


65.000 


77.000 


28.322 


28.322 


6 


130.000 


38.000 


36.000 


34.000 


24.000 


7 


75.000 


44.900 


44.889 


40.000 


40.000 


8 


25.175 


31.500 


130.00 


44.900 


XTAL 


9 


28.322 


36.000 


120.00 


50.350 


16.257 


A 


EXCLK 


80.000 


80.000 


31.500 


EXCLK 


B 


EXCLK 


63.000 


31.500 


32.500 


36.000 


V-/ 


en nnn 

DU.UUU 


cn nnn 

DU.UUU 


1 1 n nn 
I I u.uu 


eo nnn 

Do.UUU 


ZD. I f D 


D 


80.000 


100.000 


65.000 


72.000 


28.322 


E 


EXCLK 


76.000 


75.000 


75.000 


24.000 


F 


EXCLK 


110.000 


72.000 


80.000 


40.000 


Memory 


Frequency 


Frequency 


Frequency 


Frequency 


Frequency 


clock 


(MHz) 


(MHz) 


(MHz) 


(MHz) 


(MHz) 


address 












(Hex) 















50.000 


70.000 


55.000 


36.000 


31.000 


1 


60.000 


63.830 


75.000 


44.000 


36.000 


2 


65.000 


60.000 


70.000 


49.000 


43.000 


3 


75.000 


81.000 


80.000 


40.000 


49.000 


Compatible with 


ICS-253 


ICS-263 


ICS-256 


ICS-266 


ICS-247 



AV-56 

Video Controller NCR77C22E HT216 S3/86C911 GDS5410 GDS5320 
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ST49C214-17 


ST49C214-18 


ST49C214-19 


ST49C214-20 


ST49C214-25* 














Video clock 












address 


Frequency 


Frequency 


Frequency 


Frequency 


Frequency 


(Hex) 


(MHz) 


(MHz) 


(MHz) 


(MHz) 


(MHz) 





25.175 


25.175 


25.175 


50.350 


25.175 


1 


28.322 


28.322 


28.322 


56.644 


28.322 


2 


28.636 


40.000 


40.000 


33.250 


40.000 


3 


36.000 


EXCLK 


EXCLK 


52.000 


72.000 


4 


40.000 


50.000 


50.000 


80.000 


50.000 


5 


42.954 


77.000 


77.000 


63.000 


77.000 


6 


44.900 


36.000 


36.000 


EXCLK 


36.000 


7 


57.272 


44.889 


44.889 


75.000 


44.900 


8 


60.000 


130.00 


130.00 


25.175 


130.00 


9 


63.960 


120.00 


120.00 


28.322 


120.00 


A 


75.000 


80.000 


80.000 


31.500 


80.000 


B 


80.000 


31.500 


31.500 


36.000 


31.500 


C 


85 000 


110.00 


110.00 


40.000 


1 10.00 


D 


99.000 


65.000 


65.000 


44.900 


65.000 


E 


102.00 


75.000 


75.000 


50.000 


75.000 


F 


108.00 


94.500 


94.500 


65.000 


94.500 


Memory 


Frequency 


Frequency 


Frequency 


Frequency 


Frequency 


clock 


(MHz) 


(MHz) 


(MHz) 


(MHz) 


(MHz) 


address 












(Hex) 















64.000 


45.000 


55.000 


40.000 


55.000 


1 


40.830 


38.000 


75.000 


33.333 


65.000 


2 


48.000 


52.000 


70.000 


44.000 


70.000 


3 


60.000 


50.000 


80.000 


50.000 


80.000 


4 










45.000 


5 










40.000 


6 










60.000 


7 










50.000 



Compatible with ICS-240 ICS-275 ICS-305 ICS-260 CH9294-G 

AV-07 

Video Controller TI/34010/20 S3/801/805 S3/924 WEITEK S3/801/805 

W5186 
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Video clock 
address 
(Hex) 


ST49C214-26 








ST49C214-27 


Frequency 
(MHz) 








Frequency 
(MHz) 





25.175 








75.000 


1 


28.322 








80.000 


2 


36.000 








85.000 


3 


65.000 








90.000 


4 


44.900 








95.000 


5 


50.000 








100.00 


6 


80.000 








105.00 


7 


75.000 








110.00 


8 


56.644 








115.00 


9 


63.000 








120.00 


A 


72.000 








125.00 


B 


130.00 








130.00 












135.00 


D 


100.00 








140.00 


E 


110.00 








145.00 


F 


120.00 








150.00 


Memory 


Frequency 








Frequency 


clock 


(MHz) 








(MHz) 


address 












(Hex) 















50.000 








40.000 


1 


60.000 








45.000 


2 


65.000 








50.000 


3 


75.000 








55.000 


4 

5 
6 
7 


60.000 
65.000 
70.000 
75.000 



Compatible with ICS-277 
AV-46 

Video Controller NCR77C22E+ 



* = The External clock input pin has been changed to MA2 to privide four additional preprogrammed memory clock 
selections. When Pin-3 of the ST49C214-25 is connected to ground it is downward compatible to standard 
ST49C214-XX. This pin contains internal pull-up resistor. 
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— STARTECH ST49C418 

An HE* EXARCompany Printed August 3, 1995 

PREPROGRAMMED STEREO CODEC'S CLOCK SYNTHESIZER 



DESCRIPTION 



The ST49C418 is a mask programmable monolithic 
analog CMOS device, designed to replace existing 
dual crystals/oscillators with single frequency clock 
input. The ST49C418 provides high speed and low 
jitter clock outputs for multi-media stereo codecs. 
The ST49C418 interfaces to Analog Devices's 
AD1848 and Crystal Semiconductor's CS4231 stereo 
codecs. The ST49C418 provides 16.934 and 24.576 
MHz clock outputs utilizing the 14.318 MHz clock 
input. 

ST49C418 is designed in a 1.2u. process to achieve 
upto 50 MHz output frequency. 



SOIC Package 



REFCLK LI 
VCC [T 

GND m 

CLKA LH 



F] GND 
jj VCC 
~6~1 GND 
CLKB 



FEATURES 



• Mask programmable analog phase locked loop 

• Low power single 5V CMOS technology 

• 8 pin DIP or SOIC package 

• Programmable input/output frequencies 

• TTL compatible outputs 

• No external components besides decoupling ca- 
pacitors 



Dip Package 



REFCLK [_J_ 

vcc \jT 

GND [T 
CLKA [T 



CO 
0- 



8J GND 

~n vcc 

HI GND 
HI CLKB 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST49C418CP8 Plastic-DIP C to +70° C 
ST49C418CF8 SOIC 0° C to +70° C 



Rev. 1.0 
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BLOCK DIAGRAM 



Programmable 
Counter 
B 



REFCIJC 



Phase 
Detector 



Charge 
Pump 



Loop 
Fitter 



Programmable 
Counter 

A 



B=5....128 
A=5....128 
C=l, 2, 4 



Clock 
Buffer 



Programmable 
Counter 
B 



Programmable 
Counter 

A 



B=5....128 
A=S....128 
C=l, 2, 4 



Voltage 
Controled 
Oscillator 



Voltage 
Reference 
Circuit 



Phase 
Detector 



Charge 
Pump 



Loop 
Filter 



Voltage 
Reference 
Circuit 



Voltage 
Controled 
Oscillator 



Programmable 
Counter 

C 



Output 
Mux 



CLKA 



Output 
Mux 



Programmable 
Counter 

C 
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SYMBOL DESCRIPTION 



1 



Symbol 


Pin 


Signal Type 


Pin Description 


REFCLK 


1 


I 


External Reference Clock input. REFCLK is used as inter- 

n o 1 nhoco lr\f*kc»H lr\nr\ roforon^o r^ln/"^ 
lldl [Jllaot? IUOIvcU IUU|J 1 CltJI tMIOt; UIUUI\. 


VCC 


2 


I 


Supply voltage. Single +5 volts. 


GND 


3 


O 


Supply ground. 


CLKA 


4 


o 


Programmable output clock. Programmed for 16.9344 MHz 
output. 


CLKB 


5 


o 


Programmable output clock. Programmed for 24.576 MHz 
output. 


GND 


6 


o 


Supply ground. 


VCC 


7 


I 


Supply voltage. Single +5 volts. 


GND 


8 


o 


Supply ground. 



EXTERNAL CLOCK CONNECTION 

To minimize the noise pickup , it is recommended 
to connect 0.01 to 0.047nF capacitor to REFCLK, 
and keep the lead length of the capacitor to 
REFCLK to a minimum to reduce noise susceptibil- 
ity. 



CLOCK = (Reference clock) X A/(B X C) 

where A=5, 6, 7, 128 

B=5, 6, 7, 128 

C=2 



FREQUENCY SELECT CALCULATION 

The ST49C41 8 contains an analog phase locked loop 
circuit with digital closed loop dividers and a final 
output dividerto achieve the desired dividing ratios for 
the clock output. 

The accuracy of the frequencies produced by the 
ST49C418 depends on the input frequency and di- 
vider ratios. The formula for calculating the exact 
output frequency is as follows: 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T A =25° C, V cc =5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


















VlL 


input low level 






0.8 


V 




VlH 


Input high level 


2.0 






V 




Vol 


Output low level 






0.5 


V 


Iol= 25 mA 


VOH 


Output high level 


2.8 






V 


Ioh = 25 mA 


llH 


Input high current 






1 


.\iA 




Ice 


Operating current 




20 


35 


mA 


No load. 



AC ELECTRICAL CHARACTERISTICS 



T A =25° C, ^=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






lliltilll 


Typ 


Max 
















Ti 


CLOCK rise time 




1.5 


3 


ns 


0.5V - 2.8V, 15pF 


T 2 


CLOCK fall time 




1.5 


3 


ns 


2.8V -0.5V, 15pF 


T 4 


Duty cycle 


40 


48/52 


60 


% 


1.4V switch point 


Ts 


Duty cycle 


45 


48/52 


55 


% 


VCC/2 switch point 


Ts 


Jitter 1 sigma 




±0.5 


±2 


% 




Ts 


Jitter absolute 




±2 


±5 


% 




T 


Input frequency 


5 


10 


40 


MHz 




Te 


CLOCK frequency change 




0.01 




% 
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TIMING DIAGRAM 



CLOCK 



— ►n 



T5 



— W 



T4 
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STARTECH ST26C31 

An OWRCompany Printed August 3, 1995 

QUAD RS-422 CMOS DIFFERENTIAL LINE DRIVER 



DESCRIPTION 



TheST26C31 is a CMOS quad differential line driver 
designed to meet the standard RS-422 requirements 
and digital data transmission over balanced lines. To 
improve noise margin and output stability for slow 
changing input signals special hysteresis is built in the 
ST26C31 circuit. 

The ST26C31 is a high speed CMOS line driver 
designed to operate with MFM / RLL controllers and 
hard disk drives as well as RS-422 digital data 
transmission applications. ST26C31 is suitable for low 
power 5V operation with high input voltage protection 
devices. 



SOIC package 



INPUT A l_1 

OUTPUT A+ [T 

OUTPUT A- [X 

ENABLE GT 

OUTPUT B- [T 

OUTPUT B+ [~6~ 

INPUT B [7 

GND or 



O 
CD 



16 I VCC 
151 INPUT D 
IT] OUTPUT D+ 

13l OUTPUT D- 
121 ENABLE* 

TT1 OUTPUT C- 

Tol OUTPUT C+ 
~9l INPUT C 



FEATURES 



• Pin-to-pin compatible with National DS26C31C 

• Low power CMOS design 

• Three-state outputs with enable pin 

• Meets the EIA RS-422 requirements 

• Low propagation delays 

• High speed 



Plastic-DIP package 



input a rr 




~16~1 VCC 


OUTPUT A+ nr 




151 INPUT D 




CO 




OUTPUT A- GT 


K. 


141 OUTPUT D+ 


ENABLE DT 


O 


131 OUTPUT D- 




CO 




OUTPUT B- nr 




CD 


~12~| ENABLE* 


output b+ nr 


CN 




ST 


Til OUTPUT c- 


INPUT B \^7~ 




lol OUTPUT C+ 


GND QT 




~9~l INPUT C 



ORDERING INFORMATION 



Part number 

ST26C31CP16 

ST26C31CF16 

ST26C31IP16 

ST26C31IF16 



Package 

Plastic-DIP 

SOIC 

Plastic-DIP 
SOIC 



Operating temperature 
0° C to + 70° C 
0° C to + 70° C 
-40° C to + 85° C 
-40° C to + 85° C 



Rev. 1.0 
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BLOCK DIAGRAM 



INPUTA 

OUTPUTA+ 
OUTPUT A- 

ENABLE 
ENABLE* 

OUTPUTB- 
OUTPUTB+ 

INPUTB 




INPUT D 

OUTPUTD+ 
OUTPUTD- 



OUTPUTC- 
OUTPUTC+ 



INPUT C 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


IMDI IT A 


i 


i 


unver a inpui pin. 


OUTPUT A+ 


2 


o 


Drix/pr A diffprpntial nnn-inx/prtinn nutnut nin 


Ol ITPl IT A- 


o 




Driv/pr A Hiffprpntial inv/prtinn niitniit nin 

L/MVvsl r\ Ull ICI CM lllal IMVdllliy UUipUl pill. 


PMARI F 


A 
*r 


i 
1 


OalC OUIIIIUI ^dUIVc Miyiiy. 1 lllo pill lo Ullc Ul lllo LWU UUIIUUI 

pins which enables or disables all four drivers. All four 

Hriv/prQ arp natprt with twn innnt nr natp 

VJIIVCIo Ol C ycllvsU Willi LWU IIILJUl kj\ yoiu. 


OUTPUT R- 


5 


o 


Driv/pr R diffprpntifll in\/prtinn nutnut nin 
L-/ 1 1 v c i Lj uiiiciciiuoi iiivdiuiy uuipui ljiii. 


OUTPUT R+ 


g 


o 


ririv/pr R Hiffprpntifll nnn-in\/prtinn nutnut nin 

LyllVC/l D UIIICIdlLICII 1 l\Ji 1 II 1 VCI in ly uuipui piii. 


INPUT B 


7 


1 


Drix/pr R innut nin 

LXIIVVsl LJ IIIL/Ul 1^ III. 


1 N VJ 


ft 




^innal anrl nnwpr nrni inH 
oiyiidi diiu [juwci yiwuiiu. 


INrU 1 U 


ft 


i 
i 


Driver C input pin. 


OUTPUT C+ 


10 





Driver C differential non-inverting output pin. 


OUTPUT C- 


11 


o 


Driver C differential inverting output pin. 


ENABLE* 


12 


1 


Gate control (active low). See ENABLE pin description. 


OUTPUT D- 


13 





Driver D differential inverting output pin. 


OUTPUT D+ 


14 





Driver D differential non-inverting output pin. 


INPUT D 


15 


1 


Driver D input pin. 


VCC 


16 


1 


Power supply pin. 
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Functional table 



Enable 


Enable" 


Input 


Differential 


Differential 








Non-Inverting 


Inverting 








Output 


Output 


L 


H 


X 


Z 


Z 


L 


L 


L 


L 


H 


L 


L 


H 


H 


L 


H 


L 


L 


L 


H 


H 


L 


H 


H 


L 


H 


H 


L 


L 


H 


H 


H 


H 


H 


L 



X=Don'tcare 

Z=Three state (high impedance) 



vcc 




ENABLE (*) 




AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 
















Ti 


Propagation delay, input to output 




8 


10 


ns 


S1 open 


T 2 


Differential output rise and fall time 




8 


10 


ns 


S1 open 


Ts 


Output enable time 




18 


20 


ns 


S1 close 


T4 


Output disable time 




18 


20 


ns 


S1 close 




Skew 






2 


ns 


S1 open 



* Skew is defined as the difference in propagation delays between complementary outputs at the 50% point. 
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ABSOLUTE MAXIMUM RATINGS 
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Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



7 Volts 

GND-0.3 V to VCC+0.3 V 
0° C to +70° C 
-40° C to +150° C 
500 mW 



DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 
















I IN 


Input current 






±1.0 


\iA 




Ice 


Operating current 




600 








loz 


Three state output leakage 




±2.0 




\xA 




VlH 


Input high level 


2.0 






V 




VlL 


Input low level 






0.8 


V 




VOH 


Output high level 


2.5 






V 




Vol 


Output low level 






0.5 


V 




Vos 


Differential output level 


2.0 






V 


Rl=100Q 


Voc 


Common mode output voltage 






3.0 


V 


Rl=100Q 


Vod 


Difference in common mode output 






0.4 


V 


Rl=100Q 


ClN 


Input capacitance 


7 


10 


15 


PF 




Cpd 


Power dissipation capacitance 




100 




PF 




I OS 


Output short current 


-200 




-30 


mA 


Vin=VCC or GND 


loFF 


Output leakage current power off 






100 


\iA 


Vout=6V 










-100 


\iA 


Vout=0.25V 


I DC 


Output current 






±150 


mA 
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DIFFERENTIAL LINE DRIVER TIMING 



ENABLE 
ENABLE* 



INPUT X 



OUTPUT X+ 



OUTPUT X- 



~*T3 



-WT3 



90% i\ 



| 1 10% 
T2 "H 



-W N-T4 



90% 



10%i . 
-» K-T2 



H-H n 

I 1/ 



T1 



T1 >1 

1 J 



i \i 



T1 



OUTPUT X+ 



OUTPUT X- 



50% 



-N \4r J5 



50% 



2631 -CK-1 
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STARTECH ST26C32 

An EXflRCompany Printed August 3, 1995 

QUAD RS-422, RS-423 CMOS DIFFERENTIAL LINE RECEIVER 



DESCRIPTION 



SOIC package 



The ST26C32 is a CMOS quad differential line 
receiver designed to meet the standard RS-422, RS- 
423 requirements. The ST26C32 has an input sensi- 
tivity of 200mv over the common mode input voltage 
range of ±7V. To improve noise margin and output 
stability forslow changing input signal, special hyster- 
esis is built in the ST26C32 circuit. 
The ST26C32 is a high speed line receiver designed 
to operate with MFM / RLL controllers and hard disk 
drives as well as RS-422, and RS-423 differential 
applications. ST26C32 provides TTL compatible out- 
puts to interface with standard 74LS and CMOS 
design environments. ST26C32 is suitable for low 
power 5V operation. 



input a- rr 




~16l VCC 


INPUT A+ f2~ 




~15l INPUT D- 


OUTPUT A [IT 


CD 




LL 


~14~| INPUT D+ 


ENABLE EfT 


O 
£J 
CO 


l3l OUTPUT D 


OUTPUT B nr 


O 

CD 


U1 ENABLE* 




CN 




INPUT B+ [~6~ 


ST 


TTI OUTPUT c 


INPUT B- cr 




~10l INPUT C+ 


GND or 




~9~1 INPUT C- 



FEATURES 



Pin-to-pin compatible with National DS26C32C 

Low power CMOS design 

Three-state outputs with enable pin 

Meets the EIA RS-422 requirements 

Low propagation delays 

High speed 



Plastic-DIP package 



INPUT A- \jT 




16 


VCC 


INPUT A+ [~2~ 
OUTPUT A [IT 


P16 


15~| INPUT D- 
~14~1 INPUT D+ 


ENABLE 
OUTPUT B nr 


ST26C32C 


JU 

jU 


OUTPUT D 
ENABLE* 


INPUT B+ \JT 


3D 


OUTPUT C 


INPUT B- [JZ 




lo~ 


INPUT C+ 


GND [IT 






INPUT C- 



ORDERING INFORMATION 



Part number 

ST26C32CP16 

ST26C32CF16 

ST26C32IP16 

ST26C32IF16 



Package 

Plastic-DIP 

SOIC 

Plastic-DIP 
SOIC 



Operating temperature 
0° C to + 70° C 
0° C to + 70° C 
-40° C to + 85° C 
-40° C to + 85° C 



Rev. 1.0 
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BLOCK DIAGRAM 



INPUTA- 
INPUTA+ 
OUTPVTA 

ENABLE 
ENABLE* 

OVTPUTB 

INPUT B+ 
INPUT B- 




INPUTD- 
INPUTD+ 
OUTPUTD 



OUTPUT C 
INPUT C+ 
INPUT C- 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


INPUT A- 


1 


I 


Receiver A differential inverting input pin. 


INPUT A+ 


2 


I 


Receiver A differential non-inverting input pin. 


OUTPUT A 


3 


o 


Receiver A output pin. 


ENABLE 


4 


I 


Gate control (active high). This pin is one of the two control 
pins wnicn enaoies oraisaoies an tout receivers. 


ni ITPI IT R 
UU 1 Jr U 1 D 


c 
O 


r\ 
vJ 


r\eceiver d ouipui pin. 


IMPI IT R+ 


D 


1 


rxcuciver d uiTitJitJiiiiai non-invening inpui pin. 


IMPI IT R- 


7 


1 
I 


Poroi\/or R Hifforontiol in\/ortinn inmit nin 
rxtJOclVcl D Ul 1 1 Cl CI llldl IIIVClLlliy IlipUL pill. 




Q 
O 


\j 


oiyridi diiu powci yiuuriu. 


INPUT C- 


9 


\ 


Receiver C differential inverting input pin. 


INPUT C+ 


10 


1 


Receiver C differential non-inverting input pin. 


OUTPUT C 


11 





Receiver C output pin. 


ENABLE * 


12 


1 


Gate control (active low). See ENABLE description 


OUTPUT D 


13 


O 


Receiver D output pin. 


INPUT D+ 


14 


1 


Receiver D differential non-inverting input pin. 


INPUT D- 


15 


1 


Receiver D differential inverting input pin. 


VCC 


16 


1 


Power supply pin. 
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Functional table 



Enable 




Output 


Differential 
Non-Inverting 
Input 


Differential 
Inverting 
Input 


L 


H 


Z 


X 


X 


H 


L 


L 


L 


H 


H 


L 


H 


H 


L 



X= Don't care 

Z=Three state (high impedance) 



vcc 




AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Miri 


Typ 


Max 
















Ti 


Propagation delay, input to output 




8 


10 


ns 


S1=VCC 


T2 


Propagation delay, input to putput 




18 


20 


ns 


S1=GND 


Ta 


Output enable time 




18 


20 


ns 


Vdif=2.5V 


T4 


Output disable time 




18 


20 


ns 


Vdif=2.5V 
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ST26C32 



ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any logic pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



</> 
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ro 
o> 
O 

CO 

to 



DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Ma* 














VlH 


Enable high level 


2.0 






V 




VlL 


Enable low level 






0.8 


V 




VOH 


Output high level 


3.8 


4.2 




V 


Ioh= -6mA 


Vol 


Output low level 






0.4 


V 


Ioh= 6mA 


VlD 


Differential input level 


-0.2 




+0.2 


V 


-7V < Vcm < +7V 


Vh 


Input hysteresis 




50 




mV 




I IN 


Input current 






±1.0 


[iA 




Ice 


Operating current 




12 




mA 


Vdif=+1V 


loz 


Three state output leakage 




±1.0 


±5.0 


\iA 


Vout=VCC or GND 


I EN 


Enable input current 




±1.0 




\iA 


Vin=VCC or GND 


Vr 


Input resistance 


5 




15 


kQ 


-7V < Vcm < +7V 
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DIFFERENTIAL LINE RECEIVER TIMING 



ENABLE 
ENABLE* 



INPUT X+ 



INPUT X- 



OUTPUT X 




2632-CK-1 
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STARTECH ST31C32 

An HB> EXflRCompany Printed August 3, 1995 

RS-422, RS-423 CMOS DIFFERENTIAL LINE RECEIVERS AND DRIVERS 



GENERAL DESCRIPTION 



The ST31 C32 is a high speed CMOS combo differen- 
tial line receiver and driver designed to meet the 
standard RS-422, RS-423 requirementsfordigital and 
transmission over balanced lines. It provides five 
differential line receivers with three state control and 
three line drivers also with three state control. 
The line driver inputs and line receiver outputs are 
TTL compatible to interface with standard 74LS and 
CMOS environments. The ST31C32 has been de- 
signed for low power 5 volts operation and is espe- 
cially suited for MODEM/UART applications. 
The receiver in the ST31C32 has an input sensitivity 
of 200mv overthe common mode input voltage range 
of ±7V. They incorporate hysteresis for improved 
noise margin with slow changing input signals. Input 
fail-safe circuitry is also included which will cause the 
output of the receiver to go to a logic "1" level if the 
inputs are left open. 

A special voltage sensing circuit is utilized in the 
drivers that will three-state the outputs during power 
down and power up. This will prevent spurious glitches 
from appearing on the outputs. 



PLCC Package 



6 A & 

s s i 



I i 1 



OUTPUT C+ [JL^ 

INPUT C [j~ 
ENABLE A* \T_ 
OUTPUT D [T 
INPUT D+ [Y 
INPUT D- [lO 
INPUT E- [IT 



o 



ST32C32CJ28 



il £ § * 1 £ 



25 | OUTPUT A 
~24~| OUTPUT H 
la] INPUT H+ 

22~| INPUT H- 
~21~] INPUT G- 
~20~1 INPUT G+ 
"l9~l OUTPUT G 



FEATURES 



DIP Package 



• Low power CMOS design 

• Three-state outputs with enable pin 

• Meets the EIA RS-422/423 requirements 

• Low propagation delays 

• High speed 

• Five line receivers with three state control 

• Three line drivers with three state control 

• 28 pin PLCC and SOIC package 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST31C32CJ28 PLCC 0° C to + 70° C 

ST31C32CF28 SOIC 0° C to + 70° C 

ST31C32IJ28 PLCC -40° C to + 85° C 

ST31C32IF28 SOIC -40° C to + 85° C 



INPUT B FT 




"281 VCC 


OUTPUT B+ RT 




~27l INPUT A 


OUTPUT B- GT 




"261 OUTPUT A+ 


OUTPUT C- GT 




"251 OUTPUT A- 


OUTPUT c+ nr 




"241 OUTPUT H 


INPUT C [~6~ 


P28 


"231 INPUT H+ 


ENABLE A* PT 
OUTPUT D nr 


IC32C! 


"22] INPUT H- 
~2T] INPUT G- 


input d+ nr 


ST3' 


~20l INPUT G+ 


INPUT D- PTO" 


~19l OUTPUT G 


input e- nr 




181 OUTPUT F 


INPUT E+ R2" 




171 INPUT F+ 


OUTPUT E Q£ 




"161 INPUT F- 


GND [W 




l5~| ENABLE B* 



Rev. 1.0 



2-15 



CM 
CO 

o 

T- 

CO 

H- 
(/) 



ST31C32 



BLOCK DIAGRAM 



INPUT D- 
INPUTD+ 
OUTPUTD 

INPUT E- 
INPUTE+ 
OUTPUT E 

INPUT F- 
INPUTF+ 
OUTPUTF 

INPUT G- 
INPUTG+ 
OUTPUT G 

INPUT H- 
INPUTH+ 
OUTPUTH 

ENABLE B* 



-Q 






INPUT A 

OUTPUT A+ 
OUTPUTA- 

INPUTB 

OUTPUT B+ 
OUTPUTB- 

INPUTC 

OUTPUT C+ 
OUTPUT C- 

ENABLEA* 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


INPUT B 


1 


I 


Line driver B input pin. 


OUTPUT B+ 


2 


O 


Line driver B differential non-inverted output pin. 


OUTPUT B - 


3 


o 


Line driver B differential inverted output pin. 


OUTPUT C - 


4 


o 


Line driver C differential inverted output pin. 


OUTPUT C+ 


5 


o 


Line driver C differential non-inverted output pin. 


INPUT C 


6 


I 


Line driver C input pin. 


ENABLE A* 


7* 


I 


Gate control A (active low). This pin enables/ disables the 
xnree line anver ouxpuis. 


OUTPUT D 


8 


o 


Line receiver D output pin. 


INPUT D + 


9 


I 


Line receiver D differential non-inverted input pin. 


INPUT D - 


10 


I 


Line receiver D differential inverted input pin. 


INPUT E - 


11 


I 


Line receiver E differential inverted input pin. 


INPUT E + 


12 


I 


Line receiver E differential non-inverted input pin. 


OUTPUT E 


13 


o 


Line receiver E output pin. 


GND 


14 


o 


Signal and power ground. 


ENABLE B* 


15* 


I 


Gate control B (active low). This pin enables/ disables the 
five line receiver outputs. 


INPUT F - 


16 


I 


Line receiver F differential inverted input pin. 


INPUT F + 


17 


I 


Line receiver F differential non-inverted input pin. 


OUTPUT F 


18 


o 


Line receiver F output pin. 


OUTPUT G 


19 





Line receiver G output pin. 


INPUT G + 


20 


I 


Line receiver G differential non-inverted input pin. 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


INPUT G - 


21 


I 


Line receiver G differential inverted input pin. 


INPUT H - 


22 


I 


Line receiver H differential inverted input pin. 


INPUT H + 


23 


I 


Line receiver H differential non-inverted input pin. 


OUTPUT H 


24 


O 


Line receiver H output pin. 


OUTPUT A - 


25 


o 


Line driver A differential inverted output pin. 


OUTPUT A+ 


26 


o 


Line driver A differential non-inverted output pin. 


INPUT A 


27 


I 


Line driver A input pin. 


VCC 


28 


I 


Power supply pin. 



*Has internal pull-up resistor on input 
Receiver Functional table 



Enable 


Differential 


Differential 


Output 


B 


Non-Inverting 


Inverting 






Input 


Input 




H 


X 


X 


Z 


L 


L 


H 


L 


L 


H 


L 


H 



ST31C32 RECEIVER AC TEST CIRCUIT 



Driver Functional table 



Enable 


Input 


Differential 


Differential 


A 




Non-Inverted 


Inverted 






Output 


Output 


H 


X 


Z 


Z 


L 


L 


L 


H 


L 


H 


H 


L 




X=Don't care 

Z=Three state (high impedance) 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 


Limits 




Units 


Conditions 






Min 


Typ 


Max 


















Line Receiver Timing 












Ti 


Propagation delay, input to output 




8 


10 


ns 


S1=VCC 


T 2 


Propagation delay, input to putput 




18 


20 


ns 


S1=GND 


T 3 


Output enable time 




18 


20 


ns 


Vdif=2.5V 


T 4 


Output disable time 




18 


20 


ns 


Vd.f=2.5V 




Line Driver Timing 












Ti 


Propagation delay, input to output 




8 


10 


ns 


S1 open 


T 2 


Differential output rise and fall time 




8 


10 


ns 


S1 open 


T 3 


Output enable time 




18 


20 


ns 


S1 close 


T4 


Output disable time 




18 


20 


ns 


S1 close 


T 5 


Skew 




0.5 




ns 


S1 open 



ST31C32 DRIVER AC TEST CIRCUIT 



ENABLE (») Ul 
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ST31C32 



ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 

T A =0° - 70°C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














VlH 


Enable high level 


2.0 






V 




VlL 


Enable low level 






0.8 


V 




Vroh 


Receiver output high level 


3.8 






V 




Vrol 


Receiver output low level 






0.4 


V 




Vrid 


Receiver differential input level 


-0.2 




+0.2 


V 


Ri=100Q 


Vrh 


Receiver input hysteresis 




50 




mV 




Irin 


Receiver input current 






±1.0 


\iA 




Vrr 


Receiver input resistance 


5 




15 


KQ 




Ice 


Operating current 




25 




mA 




loz 


Three state output leakage 




±2.0 




\iA 




Vdoh 


Driver input high level 


2.5 






V 




Vdol 


Driver output low level 






0.5 


V 




Vdos 


Driver differential output level 


2.0 






V 


Rl=100Q 


Vdoc 


Driver Common mode output voltage 






3.0 


V 


Rl=100Q 


Vdod 


Driver difference in common mode 
output 






0.4 


V 


Rl=100Q 


I DIN 


Driver input current 






±1.0 


HA 
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DIFFERENTIAL LINE RECEIVER TIMING 



ENABLE* 



INPUT X+ 



INPUTX- 



OUTPUT X 




3450-CK-2 
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DIFFERENTIAL LINE DRIVER TIMING 



ENABLE* 



INPUT X 



OUTPUT X+ 



OUTPUT X- 



-HT3 



-WT3 



90% i\ 



| 1 10% 
T2 -H *~ 



90% 



10%i , 
~» ^-T2 



K-Hti 



T1 



T1 h— ^ 



T1 



OUTPUT X+ 50% 



OUTPUT X- 50%\ 



3132-CK-1 
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ST34C50 

STARTECH ST34C51 

An 2Ef EXflRCompany Printed August 3, 1995 

DUAL RS-422, RS-423 CMOS DIFFERENTIAL LINE RECEIVER AND DRIVER 



GENERAL DESCRIPTION 



The ST34C50/51 is a CMOS dual differential line 
receiver and driver, designed to meet the standard 
RS-422, RS-423 requirements and digital data trans- 
mission over balanced lines. The ST34C50/51 has an 
input sensitivity of 200mv over the common mode 
input voltage range of ± 7V. To improve noise margin 
and output stability for slow changing input signal, 
special hysteresis is built in the ST34C50/51 circuit. 
The ST34C50/51 is a high speed line receiver and 
driver, designed to operate with MFM / RLL controllers 
and hard disk drives as well as RS-422 and RS-423 
differential applications. ST34C50/51 provides TTL 
compatible outputs to interface with standard 74LS 
and CMOS design environments. ST34C50/51 is 
suitable for low power 5V operation with minimum 
board space requirements. ST34C50/51 provides 
dual differential line receiver with three state control 
pin and dual line driver with three state control 
capability. 



SOIC Package 



INPUT A- PT 




~16~| VCC 


input a+ nr 




"15] INPUT D 




CD 




OUTPUT A CT 


LL 


~14~1 OUTPUT D+ 


ENABLE A7B* 


50C 


~13~1 OUTPUT D- 


OUTPUT B nr 


O 


121 ENABLE C/D 




CO 


INPUT B+ [~~6~ 


ST 


Til OUTPUT C- 


INPUT B- CT 




lOl OUTPUT C+ 


GND QT 




~9~1 INPUT C 



ST34C50CF 



FEATURES 



SOIC Package 



• Pin -to-pin compatible to Motorola MC34050 and 
MC34051 

• Low power CMOS design 

• Three-state outputs with enable pin 

• Meets the EIA RS-422/423 requirements 

• Low propagation delays 

• High speed 

• Dual line receiver with three state control 

• Dual line driver with three state control 



input a- rr~ 




~16l VCC 


INPUT A+ [IT 




151 INPUT D 




CD 




OUTPUT A RT 


LL 


~14l OUTPUT L> 


ENABLED EfT 


O 


U1 OUTPUT D- 


LO 


OUTPUT B f~5~ 


O 


~12l ENABLE C 


co 




INPUT B+ [IT 


ST 


IT] OUTPUT C- 


INPUT B- CT 




Tol OUTPUT C+ 


gnd nr 




~9~| INPUT C 



ORDERING INFORMATION 



Part number 

ST34C50CP16 

ST34C50CF16 

ST34C50IP16 

ST34C50IF16 

ST34C51IP16 

ST34C51IF16 



Package 

Plastic-DIP 

SOIC 

Plastic-DIP 
SOIC 

Plastic-DIP 
SOIC 



Operating temperature 



0° C 
0° c 



-40' 
-40 ( 
-40 ( 
-40 ( 



+ 70° C 
+ 70° C 
+ 85° 
+ 85° 
+ 85° 
+ 85° 



C 
C 

' C 
C 



ST34C51CF 



Rev. 1.0 
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ST34C50 BLOCK DIAGRAM 



INPUT A- 
INPUTA+ 
OUTPUT A 



ENABLE A*/B* 



OUTPUTS 

INPUTB+ 
INPUT B- 



-C 





-C 







INPUTD 

OUTPUT D+ 
OUTPUTD- 

ENABLE OD 



OUTPUT C- 
OUTPUTC+ 



INPUT C 
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ST34C51 BLOCK DIAGRAM 



INPUTA- 
INPUTA+ 
INPUT A 



ENABLED 



OUTPUTB 

INPUT B+ 
INPUT B- 




INPUTD 

OUTPUTD+ 
OUTPUTD- 

ENABLE C 



OUTPUT C- 
OUTPUTC+ 



INPUT C 
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SYMBOL DESCRIPTION 



Symbol 




Signal Type 


Pin Description 


INPUT A- 


1 


I 


Receiver A differential inverting input pin. 


INPUTA+ 


2 


I 


Receiver A differential non-inverting input pin. 


OUTPUT A 


3 


O 


Receiver A output pin. 


ENABLE A/B 


4 


I 


Gate control (active low, ST34C50 only). This pin enables/ 
disables the two line receiver outputs (out A and out B of 
ST34C50). 


ENABLE D 


4* 


I 


Gate control (active high, ST34C51 only). This pin enables/ 
disables the ST34C51 differential line driver D section. 


Ol ITPI IT R 
\J\J I r U I D 


c 
O 


r\ 
VJ 


Receiver B output pin. 


INPUT B + 


6 


I 


Receiver B differential non-inverting input pin. 


INPUT B - 


7 


I 


Receiver B differential inverting input pin. 


GND 


8 


o 


Signal and power ground. 


INPUT C 


9 


I 


Driver C input pin. 


OUTPUT C+ 


10 


o 


Driver C differential non-inverted output pin. 


OUTPUT C - 


11 





Driver C differential inverted output pin. 


ENABLE C/D 


12 


I 


Gate control (active high, ST34C50 only). This pin enables/ 
disables the two line driver outputs (output C and output D 
of ST34C50). 


ENABLE C 


12* 


I 


Gate control (active high, ST34C51 only). This pin enables/ 
disables the ST34C51 differential line driver C section. 


OUTPUT D- 


13 


o 


Driver D differential inverted output pin. 


OUTPUT D+ 


14 


o 


Driver D differential non-inverted output pin. 


INPUT D 


15 


I 


Driver D input pin. 


VCC 


16 


I 


Power supply pin. 
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Receiver Functional table (ST34C50 only) 



Enable 
A/B 


Output 


Differential 
Non-Inverting 
Input 


Differential 
Inverting 
Input 


H 


Z 


X 


X 


L 


L 


L 


H 


L 


H 


H 


L 



X= Don't care 

Z=Three state (high impedance) 

Receive sections of the ST34C51 are enabled all the time. 



Driver Functional table (ST34C50 only) 



Enable 
C/D 


Input 


Differential 
Non-Inverted 
Output 


Differential 
Inverted 
Output 


L 


X 


Z 


Z 


H 


L 


L 


H 


H 


H 


H 


L 



X= Don't care 

Z=Three state (high impedance) 
* for each section of ST34C51 . 



*Driver Functional table (ST34C51 only) 



Enable 
C or D 


Input 


Differential 
Non-Inverted 
Output 


Differential 
Inverted 
Output 


L 


X 


Z 


Z 


H 


L 


L 


H 


H 


H 


H 


L 



ST34C50/51 DRIVER AC TEST CIRCUIT 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70°C, Vcc=5.0 V ± 10% unless otherwise specified. 



oyrnDoi 


Parameter 


Limits 




units 


Conditions 






Min 


Typ 


Max 


















Line driver section 












Ti 


Propagation delay, input to output 




8 


10 


ns 


S1 open 


T 2 


Differential output rise and fall time 




8 


10 


ns 


S1 open 


Ta 


Output enable time 




18 


20 


ns 


S1 close 


T4 


Output disable time 




18 


20 


ns 


S1 close 


*T 5 


Skew 






2 


ns 


S1 open 




Line receiver section 












Ti 


Propagation delay, input to output 




8 


10 


ns 


S1=VCC 


li 


Propagation delay, input to putput 




18 


20 


ns 


S1=GND 


T 3 


Output enable time 




18 


20 


ns 


Vd.f=2.5V 


T 4 


Output disable time 




18 


20 


ns 


Vdif=2.5V 



* Skew is defined as the difference in propagation delays between complementary outputs at the 50% point. 



ST34C50/51 RECEIVER AC TEST CIRCUIT 



INPUT A 
INPUT A* 
ENABLE (*) 
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ABSOLUTE MAXIMUM RATINGS 

Operating supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 






Conditions 






Min 


Typ 


Max 














VlH 


Enable high level 


2.0 






V 




VlL 


Enable low level 






0.8 


V 




Vroh 


Receiver output high level 


3.8 






V 




Vrol 


Receiver output low level 






0.4 


V 




Vrid 


Receiver differential input level 


-0.2 




+0.2 


V 


Rl=100Q 


Vrh 


Receiver input hysteresis 




50 




mV 




Irin 


Receiver input current 






±1.0 


^iA 




Vrr 


Receiver input resistance 


5 




15 


KQ 




Ice 


Operating current 




13 




mA 




loz 


Three state output leakage 




±2.0 




\iA 




Vdoh 


Driver input high level 


2.5 






V 




Vdol 


Driver output low level 






0.5 


V 




Vdos 


Driver differential output level 


2.0 






V 


Rl=100Q 


Vdoc 


Driver Common mode output voltage 






3.0 


V 


Rl=100Q 


Vdod 


Driver difference in common mode 
output 






0.4 


V 


Rl=100Q 


I DIN 


Driver input current 






±1.0 


\xA 
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DIFFERENTIAL LINE DRIVER TIMING 



ENABLE 



INPUT X 



OUTPUT X+ 



OUTPUT X- 




| 1 10% 
T2 -H «- 



10%i . 



OUTPUT X+ 50% / 



OUTPUT X- 50% \ / 

3450-CK-1 
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DIFFERENTIAL LINE RECEIVER TIMING 



ENABLE* 



INPUT X+ 



INPUT X- 



OUTPUT X 




3450-CK-2 
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ST34C86 



An 2E* EXQRCompany Printed August 3, 1995 

QUAD RS-422, RS-423 CMOS DIFFERENTIAL LINE RECEIVER 



GENERAL DESCRIPTION 



SOIC package 



The ST34C86 is a CMOS quad differential line 
receiver designed to meet the standard RS-422, RS- 
423 requirements. The ST34C86 has an input sensi- 
tivity of 200mv over the common mode input voltage 
range of ± 7V. To improve noise margin and output 
stability forslow changing input signal, special hyster- 
esis is built in the ST34C86 circuit. 
The ST34C86 is a high speed line receiver designed 
to operate with MFM / RLL controllers and hard disk 
drives as well as RS-422 and RS-423 differential 
applications. ST34C86 provides TTL compatible out- 
puts to interface with standard 74LS and CMOS 
design environments. ST34C86 is suitable for low 
power 5V operation. 



INPUT A- FT 




~16l VCC 


INPUT A+ [~2~ 




151 INPUT D- 


OUTPUT A RT 


CD 




U_ 


"14] INPUT t> 


ENABLE A/B (~4~ 


o 

CD 


131 OUTPUT D 


00 




OUTPUT B [IT 


o 


~12~| ENABLE C/D 


co 




INPUT B+ f6~ 


CO 


jT\ OUTPUT C 


INPUT B- CT 




lol INPUT C+ 


GND QT 




jT] INPUT C- 



FEATURES 



• Pin-to-pin compatible with National DS34C86 

• Low power CMOS design 

• Three-state outputs with enable pin 

• Meets the EIA RS-422 requirements 

• Low propagation delays 

• High speed 



Plastic-DIP package 



input a- rr 




jS 


VCC 


INPUT A+ [IT 




J5] 


INPUT ID- 


OUTPUT A RT 


CD 






CL 


l4~ 


INPUT EX- 


ENABLED \JT 


86C 


131 OUTPUT D 


OUTPUT B HT 


O 


12 


ENABLE C/D 




CO 






INPUT B+ |~6~ 


h- 


TT 


OUTPUT C 


INPUT B- [JZ 




JO] 


INPUT C+ 


GND 






INPUT C- 



ORDERING INFORMATION 



Part number 

ST34C86CP16 

ST34C86CF16 

ST34C86IP16 

ST34C86IF16 



Package 

Plastic-DIP 

SOIC 

Plastic-DIP 
SOIC 



Operating temperature 
0° C to + 70° C 
0° C to + 70° C 
-40° C to + 85° C 
-40° C to + 85° C 



Rev. 1.0 
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BLOCK DIAGRAM 



INPUT A- 
INPUTA+ 
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ENABLE AW 



OUTPUTB 

INPUT B+ 
INPUT B- 




INPUTD- 
INPUTD+ 
OUTPUTD 
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OUT PUT C 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


INPUT A- 


1 


I 


Receiver A differential inverting input pin. 


INPUT A+ 


2 


I 


Receiver A differential non-inverting input pin. 


OUTPUT A 


3 


o 


Receiver A output pin. 


ENABLE A/B 


4 


i 


Gate control (active high). This pin enables/disables the two 
line receiver outputs (out A and out B). 


OUTPUT B 


5 


o 


Receiver B output pin. 


INPUT B+ 


6 


I 


Receiver B differential non-inverting input pin. 


INPUT B- 


7 


I 


Receiver B differential inverting input pin. 


GND 


8 


o 


Signal and power ground. 


INPUT C- 


9 


I 


Receiver C differential inverting input pin. 


INPUT C+ 


10 


I 


Receiver C differential non-inverting input pin. 


OUTPUT C 


11 





Receiver C output pin. 


ENABLE C/D 


12 


I 


Gate control (active high). This pin enables/disables the two 
line receiver outputs (output C and output D). 


OUTPUT D 


13 


o 


Receiver D output pin. 


INPUT D+ 


14 


I 


Receiver D differential non-inverting input pin. 


INPUT D- 


15 


I 


Receiver D differential inverting input pin. 


VCC 


16 


I 


Power supply pin. 
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Functional table 



Enable 


Output 


Differential 


Differential 


A/B 




Non-Inverting 


Inverting 


C/D 




Input 


Input 


L 


Z 


X 


X 


H 


L 


L 


H 


H 


H 


H 


L 



X= Don't care 

Z=Three state (high impedance) 



vcc 




AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Mih 


Typ 


Max 
















Ti 


Propagation delay, input to output 




8 


10 


ns 


S1=VCC 


T 2 


Propagation delay, input to putput 




18 


20 


ns 


S1=GND 


Ta 


Output enable time 




18 


20 


ns 


Vd.f=2.5V 


T 4 


Output disable time 




18 


20 


ns 


Vdif=2.5V 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any logic pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 
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DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


liiiiiii 














VlH 


Enable high level 


2.0 






V 




VlL 


Enable low level 






0.8 


V 




VOH 


Output high level 


3.8 


4.2 




V 


Ioh= -6mA 


Vol 


Output low level 






0.4 


V 


Ioh= 6mA 


Vid 


Differential input level 


-0.2 




+0.2 


V 


-7V < Vcm < +7V 


Vh 


Input hysteresis 




50 




mV 




I IN 


Input current 






±1.0 


jxA 




Ice 


Operating current 




12 




mA 


Vdif=+1V 


loz 


Three state output leakage 




±1.0 


±5.0 


\iA 


Vout=VCC or GND 


I EN 


Enable input current 




±1.0 






Vin=VCC or GND 


Vr 


Input resistance 


5 




15 


KQ 


-7V < Vcm < +7V 
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DIFFERENTIAL LINE RECEIVER TIMING 



ENABLE 



INPUT X+ 



INPUT X- 



OUTPUTX 




3486-CK-1 
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An EXAR Company Printed August 3, 1995 

QUAD RS-422 CMOS DIFFERENTIAL LINE DRIVER 



GENERAL DESCRIPTION 



SOIC package 



The ST34C87 is a CMOS quad differential line driver 
designed to meet the standard RS-422 requirements 
and digital data transmission over balanced lines. To 
improve noise margin and output stability for slow 
changing input signals special hysteresis is built in the 
ST34C87 circuit. 

The ST34C87 is a high speed CMOS line driver de- 
signed to operate with MFM / RLL controllers and hard 
d is k d ri ves as we 1 1 as RS-422 d ig ita I d ata tra nsm issi o n 
applications. ST34C87 is suitable for low power 5V 
operation with high input voltage protection devices. 



INPUT A 1_J_ 
OUTPUT A+ [1 
OUTPUT A- Q[ 
ENABLE A/B Q 
OUTPUT B- [1 
OUTPUT B+ [IT 
INPUT B GT 
GND 




16 I VCC 

IF] INPUT D 

14~| OUTPUT D+ 

131 OUTPUT D- 

12~| ENABLE C/D 

TT1 OUTPUT C- 

W\ OUTPUT C+ 

~9~] INPUT C 



FEATURES 



• Pin-to-pin compatible with National DS34C87 

• Low power CMOS design 
•Three-state outputs with enable pin 

• Meets the E1A RS-422 requirements 

• Low propagation delays 
•Highspeed 



Plastic-DIP package 













INPUT A 


X 


X 


VCC 


OUTPUT A+ 


LX 


CO 


X 


INPUT D 


OUTPUT A- 


LX 


CL 


IT 


OUTPUT D+ 


ENABLE A/B 


X 


87C 


X 


OUTPUT D- 


OUTPUT B- 


X 


14C 


X 


ENABLE C/D 


OUTPUTB+ [IT 


ST2 


X 


OUTPUT C- 


INPUT B 


X 




X 


OUTPUT C+ 


GND 


X 




X 


INPUT C 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST34C87CP16 Plastic-DIP 0° C to + 70° C 

ST34C87CF16 SOIC 0° C to + 70° C 

ST34C87IP16 Plastic-DIP -40° C to + 85° C 

ST34C87IF16 SOIC -40° C to + 85° C 



Rev. 1.0 
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BLOCK DIAGRAM 
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OUTPUTB+ 
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INPUTD 

OUTPUTD+ 
OUTPUTD- 

ENABLE CD 

OUTPUT C- 
OUTPUTC+ 

INPUT C 
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SYMBOL DESCRIPTION 



Symbol 


lllll^llillllii 


Signal Type 


Pin Description 


INPUTA 


1 


I 


Driver A input pin. 


OUTPUT A+ 


2 


O 


Driver A differential non-inverting output pin. 


OUTPUT A- 


3 


O 


Driver A differential inverting output pin. 


ENABLEA/B 


4 


I 


Gate control (active high). This pin is one of the two control 
pins which enables or disables two/four drivers. 


OUTPUT B- 


5 


o 


Driver B differential inverting output pin. 


OUTPUTB+ 


6 


o 


Driver B differential non-inverting output pin. 


INPUTB 


7 


I 


Driver B input pin. 


GND 


8 


o 


Signal and power ground. 


INPUTC 


9 


I 


Driver C input pin. 


OUTPUT C+ 


10 


o 


Driver C differential non-inverting output pin. 


OUTPUT C- 


11 


o 


Driver C differential inverting output pin. 


ENABLE C/D 


12 


I 


Gate control (active high). See ENABLE A/B pin description. 


OUTPUT D- 


13 


o 


Driver D differential inverting output pin. 


OUTPUTD+ 


14 


o 


Driver D differential non-inverting output pin. 


INPUTD 


15 


I 


Driver D input pin. 


VCC 


16 


I 


Power supply pin. 
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Functional table 



Enable 
A/B 
C/D 


Input 


Differential 
Non-Inverting 
Output 


Differential 
Inverting 
Output 


L 


X 


Z 


Z 


H 


L 


L 


H 


H 


H 


H 


L 



X=Don't care 

Z=Three state (high impedance) 







- i 

40pF 




r= C1 
40pF 


40pF 


< 



AC ELECTRICAL CHARACTERISTICS 



T A =0°-70° C, Vcc=5.0V± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 
















Ti 


Propagation delay, input to output 




8 


10 


ns 


S1 open 


T2 


Differential output rise and fall time 




8 


10 


ns 


S1 open 


T 3 


Output enable time 




18 


20 


ns 


S1 close 


T4 


Output disable time 




18 


20 


ns 


S1 close 




Skew 






2 


ns 


S1 open 



* Skew is defined as the difference in propagation delays between complementary outputs at the 50% point. 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 
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DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














I IN 


Input current 






±1.0 






Ice 


Operating current 




600 




\xA 




loz 


Three state output leakage 




±2.0 




\iA 




VlH 


Input high level 


2.0 






V 




VlL 


Input low level 






0.8 


V 




VOH 


Output high level 


2.5 






V 




Vol 


Output low level 






0.5 


V 




Vos 


Differential output level 


2.0 






V 


Rl=100Q 


Voc 


Common mode output voltage 






3.0 


V 


Rl=100Q 


Vod 


Difference in common mode output 






0.4 


V 


Rl=100Q 


ClN 


Input capacitance 


7 


10 


15 


PF 




Cpd 


Power dissipation capacitance 




100 




PF 




I OS 


Output short current 


-200 




-30 


mA 


Vin=VCC orGND 


I OFF 


Output leakage current power off 






100 
-100 


\iA 
\xA 


Vout=6V 
Vout=0.25V 


I DC 


Output current 






±150 


mA 
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m> STARTECH ST16C1451 

An TB> EXflRCompany Printed August 3, 1995 

UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER 



DESCRIPTION 



The ST16C1 450/51 is a universal asynchronous re- 
ceiver and transmitter. A programmable baud rate 
generator is provided to select transmit and receive 
clock rates from 50Hz to 448kHz. 
The ST16C1 450/51 is an improved version of the SSI 
73M1550 and SSI 73M2550 UART with higher oper- 
ating speed and lower access time. The ST16C1450/ 
51 on board status registers provides the error 
conditions, type and status of the transfer operation 
being performed. Included is complete MODEM con- 
trol capability, and a processor interrupt system that 
may be software tailored to the user's requirements. 
The ST16C1 450/51 provides internal loop-back capa- 
bility for on board diagnostic testing. 
The ST16C1 450/51 is fabricated in an advanced 1 .2\i 
CMOS process to achieve low drain power and high 
speed requirements. 



FEATURES 



• Pin to pin and functional compatible to SSI 
73M 1450/2450 

• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl*, CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even , odd, or no parity bit generation and detection 

• Software compatible with INS8250, NS16C450 

• 460.8 kHz transmit/receive operation with 7.372 
MHz crystal or external clock source 

• 28 Pin plastic-Dip and PLCC package 

• Pin-to-pin compatible to ST16C1 550/1 551 



ORDERING INFORMATION 



Part number 

ST16C1450CP28 

ST16C1450CJ28 

ST16C1450CQ48 

ST16C1451CP28 

ST16C1451CJ28 

ST16C1451CQ48 

"Industrial operating 



Package Operating 
Plastic-DIP 0° C 
PLCC 0° C 

TQFP 0° C 

Plastic-DIP 0° C 
PLCC 0° C 

TQFP 0° C 

range are available. 



temperature 
to + 70° C 
to + 70° C 
to + 70° C 
to + 70° C 
to + 70° C 
to + 70° C 



ST16C1450 PLCC Package 



D5 rjr 

D6 \r_ 

D7 (jT 

RX [IT 

TX 

CS* [jT 



RRRRfflRffl 



O 



ST16C1450CJ28 



25 | CTS* 
~24~| RESET 
IT) DTR* 

22~| RTS* 
IT"] AO 
~20~| A1 
"l9~l A2 



3 3 k 9 oc £ 
< < o o 2 - 

X X 

ST16C1451 PLCC Package 



RHRRNNW 




ST16C145X QFP Package 




1 i i 
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w SYMBOL DESCRIPTION ( ST16C1450 - ST16C1451 ) 



Symbol 


Pin 
28 28 


Signal Type 


Pin Description 


D0-D7 


1-8 


1-8 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RX 


9 


9 


I 


Serial data input. The serial information (data) received 
from serial port to ST1 6C1 45X receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
local loopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


TX 


10 


10 


O 


Serial data output. The serial data istransmitted via this pin 
with additional start, stop and parity bits. The TX will beheld 
in mark (high) state during reset, local loopback mode or 
when the transmitter is disabled. 


CS* 




1 1 


I 


Chip select (active low). A low at this pin enables the 
ST16C145X / CPU data transfer operation. 


XTAL1 


12 


- 


I 


Crystal input 1 or external clock input. A crystal can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generator for custom transmis- 
sion rates. 


CLK 




12 


I 


External clock input. An external clock can be used to clock 
intprnal nirnuit and baud rate npnerator for custom transmis- 

II llv/l 1 1 CI 1 \wM ! V/Ull CI I l\J Ma\A\J 1 CtlVs v-Jv-'l Ivl CJIVSI 1 \Jl UUOIUI II 11 CI 1 1 1 III O 

sion rates. 


XTAL2 


13 







Crystal input 2 or buffered clock output. See XTAL1 . 


IOW* 


14 


13 


I 


Write strobe (active low). A low on this pin will transferthe 
contents of the CPU data bus to the addressed register. 


GND 


15 


14 


o 


Signal and power ground. 


IOR* 


16 


15 


I 


Read strobe (active low). A low level on this pin transfers 
the contents of the ST16C145X data bus to the CPU.. 


Rl* 


17 


16 


I 


Ring detect indicator (active low). A low on this pin indicates 
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SYMBOL DESCRIPTION ( ST16C1450 - ST16C1451 ) 



Symbol 


Pin 
28 28 


Signal Type 


Pin Description 










the modem has received a ringing signal from telephone 
line. 


RST 




17 


O 


Reset output (active high). The ST16C1451 provides a 
buffered reset output which is gated internally with MCR bit- 
2. 


INT 


18 


18 


O 


Interrupt output, (three state / active high) This pin goes high 
(when enabled by the interrupt enable register) whenever a 
receiver error, receiver data available, transmitter empty, 
or modem status condition flag is detected. 


A0-A2 


21-19 


21-19 


I 


Address select line. To select internal registers. 


DTO* 
K I O 


22 


22 


U 


Request to send (active low). To indicate that the transmit- 
ter has data ready to send. Writing a "1" in the modem 
control register (MCR bit-1 ) will set this pin to a low state. 
Afterthe reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion. 


DTR* 


23 


23 


O 


Data terminal read (active low). To indicate that 
ST16C145X is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1 " atthe MCR bit-0 will set the DTR* output to low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset. Note that this pin does not have 
any effect on the transmit or receive operation. 


RESET 


24 


24 


I 


Master reset (active high). A high on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CTS* 


25 


25 


I 


Clear to send (active low). The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR bit-4. CTS* has no effect on the transmit 
or receive operation. 


DSR* 


26 


26 


I 


Data set ready (active low). A low on this pin indicates the 
MODEM is ready to exchange data with DART. This pin 
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<0 SYMBOL DESCRIPTION ( ST16C1450 - ST16C1451 ) 



Symbol 


Pin 
28 28 


Signal Type 


Pin Description 










does not have any effect on the transmit or receive opera- 
tion. 


CD* 


27 


27 


I 


Carrier detect (active low). A low on this pin indicates the 
carrier has been detected by the modem. 


VCC 


28 


28 


I 


Power supply input. 



All unused input pins should be tied to VCC or GND. 



PROGRAMMING TABLE 



A2 


A1 


AO 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Interrupt Enable Register 





1 





Interrupt Status Register 







1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 



3-8 



ST16C1450 
ST16C1451 



C/> 



O 
—I 

O 



ST16C1 450/51 ACCESSIBLE REGISTERS 



A O A 4 A n 
AZ Al AU 


Register 


DIT *7 

bl I -7 


DIT C 

bll -b 


DIT e 

bl I «5 


OIT A 

bl I -4 


bl I -o 


bl I -z 


DIT 4 
bl I - 1 


DIT i\ 

bl I -U 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


n n n 
u u u 


TUID 
1 MK 


Kit 7 
DIW 


Kit R 
Dlt-O 


Kit CI 


Kit A 

Dlt-4 


Kit 1 

Dlt-o 


Kit O 
Dll-Z 


Kit i 

Dll- 1 


Kit n 
Dll-U 


1 


IER 








0/ 
special 
mode 





modem 
sxaius 
interrupt 


receive 

line 
status 
interrupt 


transmit 
noiaing 
register 


receive 
noiaing 
register 


U I u 


lor\ 


u 


u 


u 


u 


u 


int 

mi 
priority 
bit-1 


int 

ini 
priority 
bit-0 


int 

ini 
status 


1 1 


LCR 


divisor 

lot/->K 

latcn 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 

DITS 


word 
length 
bit-1 


word 
length 
bit-0 


1 


MCR 


0/power 
down 








loop 
back 


INT 
enable 


SOFT 
reset 


RTS* 


DTR* 


1 1 


LSR 





trans, 
empty 


trans. 

holding 

empty 


break 
interrupt 


framing 
error 


parity 
error 


overrun 
error 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


7 


DLM 


bit-15 


bit-14 


bit-13 


bit-12 


bit-11 


bit-10 


bit-9 


bit-S 
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REGISTER FUNCTIONAL DESCRIPTIONS 
TRANSMIT AND RECEIVE HOLDING REGISTER 

The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transferee contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 

On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiver status codes will 
be posted in the Line Status Register. 



PROGRAMMABLE BAUD RATE GENERATOR 

The ST16C1 450/51 contains a programmable Baud 
Rate Generator that is capable of taking any clock 
input from DC-24 MHz and dividing it by any divisor 
from 1 to 2ie-1. The output frequency of the Baudout* 
is equal to 16X of transmission baud rate 
(Baudout*=16 x Baud Rate). Customize Baud Rates 
can be achieved by selecting proper divisor values for 
MSB and LSB of baud rate generator. 



INTERRUPT ENABLE REGISTER (IER) 

The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 

IER BIT-0: 

0=disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 



IER BIT-1: 

0=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 

IER BIT-2: 

0=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 

IER BIT-3: 

0=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 

IER BIT-5: 

0=normal ST16C450 mode. 

1=special mode. Enable power down and SOFT rest. 

IER BIT 4,6-7: 

All these bits are set to logic zero. 



INTERRUPT STATUS REGISTER (ISR) 

The ST16C1 450/51 provides four level prioritized 
interrupt conditions to minimize software overhead 
during data character transfers. The Interrupt Status 
Register (ISR) provides the source of the interrupt in 
prioritized matter. During the read cycle the 
ST16C1 450/51 provides the highest interrupt level to 
be serviced by CPU. No other interrupts are acknowl- 
edged until the particular interrupt is serviced. The 
following are the prioritized interrupt levels: 



Priority levels 



p 


D2 


D1 


DO 


Source of the interrupt 


1 


1 


1 





LSR (Receiver Line Status 










Register) 


2 


1 








RXRDY (Received Data 










Ready) 


3 





1 





TXRDY( Transmitter Holding 










Register Empty) 


4 











MSR (Modem Status Regis- 










ter) 
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ISR BIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 

1=no interrupt pending. 
ISR BIT 1-2: 

Logical combination of these bits, provides the high- 
est priority interrupt pending. 

ISR bit 3-7: 
Not used 

LINE CONTROL REGISTER (LCR) 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCR BIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 



BIT-1 


BIT-0 


Word length 








5 





1 


6 


1 





7 


1 


1 


8 



LCR BIT-2: 

The number of stop bits can be specified by this bit. 



BIT-2 


Word length 


Stop bit(s) 





5,6,7,8 


1 


1 


5 


1-1/2 


1 


6,7,8 


2 



LCR BIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 

LCR BIT-4: 

If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 

0=ODD parity is generated by forcing an odd number 
of 1 's in the transmitted data, receiver also checks for 
same format. 

1 = EVEN parity bit is generated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 

LCR BIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 

LCR BIT-6: 

Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
0=normal operating condition. 
1 =forces the transmitter output (TX) to go low to alert 
the communication terminal. 

LCR BIT-7: 

The internal baud rate counter latch enable (DLEN). 
0=normal operation. 
1=select divisor latch register. 

MODEM CONTROL REGISTER (MCR) 

This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCR BIT-0: 

0=force DTR* output to high. 
1 =force DTR* output to low. 
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MCR BIT-1: 

O=force RTS* output to high. 
1=force RTS* output to low. 

MCR BIT-2: 

0=normal operation. 

1=software reset, set RST output to high. 



MCR BIT-3: 

0=set INT output pin to three state mode. 
1=set INT output pin to normal operation mode. 

MCR BIT-4: 

0= norm a I operating mode. 

1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) , CTS*, DSR*, CD*, and Rl* are 
disabled. Internally the transmitter output is con- 
nected to the receiver input and DTR*, RTS*, SOFT 
reset and INT enable are connected to modem control 
inputs. 

In this mode , the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
now the lowerfour bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER . 



MCR BIT 5-6: 

Not used. Are set to zero permanently. 

MCR bit-7: 

0=normal mode. 

1=powerdown mode. XTAL1, XTAL2, and baud rate 
generators are disabled. 



LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 

LSR BIT-0: 

0=no data in receive holding register 

1=data has been received and saved in the receive 



holding register. 
LSR BIT-1: 

0=no overrun error (normal). 

1 =overrun error, next character arrived before receive 

holding register was emptied. 

LSR BIT-2: 

0=no parity error (normal). 

1=parity error, received data does not have correct 
parity information. 

LSR BIT-3: 

0=no framing error (normal). 

1 =framing error received, received data did not have 

a valid stop bit. 

LSR BIT-4: 

0=no break condition (normal). 

1=receiver received a break signal (RX was low for 

one character time frame). 

LSR BIT-5: 

retransmit holding register is full. ST16C1450/51 will 
not accept any data for transmission. 
1=transmit holding register is empty. CPU can load 
the next character. 

LSR BIT-6: 

0=transmitter holding and shift registers are full. 
1 transmitter holding and shift registers are empty. 

LSR BIT-7: 

Not used. 

MODEM STATUS REGISTER (MSR) 

This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 

MSR BIT-0: 

Indicates that the CTS* input to the ST16C1 450/51 
has changed state since the last time it was read. 
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MSR BIT-1: 

Indicates that the DSR* input to the ST16C1450/51 
has changed state since the last time it was read. 

MSR BIT-2: 

Indicates that the Rl* input to the ST16C1450/51 has 
changed from a low to a high state. 

MSR BIT-3: 

Indicates that the CD* input to the ST16C1 450/51 has 
changed state since the last time it was read. 

MSR BIT-4: 

This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 

MSR BIT-5: 

This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 

MSR BIT-6: 

This bit is equivalent to SOFT reset in the MCR during 
local loop-back mode. It is the compliment of the Rl* 
input. 

MSR BIT-7: 

This bit is equivalent to INT enable in the MCR during 
local loop-back mode. It is the compliment to the CD* 
input. 

Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 

SCRATCHPAD REGISTER (SR) 

ST16C 1450/51 provides a temporary data register to 
store 8 bits of information for variable use. 



BAUD RATE GENERATOR PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 



BAUD RATE 


16 x CLOCK 
DIVISOR 


% ERROR 


50 


2304 




75 


1536 




110 


1047 


0.026 


150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




3600 


32 




4800 


24 




7200 


16 




9600 


12 




19.2K 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 





3 ' 



ST16C1450/51 EXTERNAL RESET CONDITION 



REGISTERS 


RESET STATE 


IER 


IER BITS 0-7=0 


ISR 


ISR BIT-0=1, ISR BITS 1-7=0 


LCR 


LCR BITS 0-7=0 


MCR 


MCR BITS 0-7=0 


LSR 


LSR BITS 0-4=0, 




LSR BITS 5-6=1 LSR, BIT 7=0 


MSR 


MSR BITS 0-3=0, 




MSR BITS 4-7=input signals 




SIGNALS 


RESET STATE 


TX 


High 


SOFT reset 


High 


RTS* 


High 


DTR* 


High 


INT 


Three state mode 
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ST16C1450 Plastic-DIP Package 



DO 


cr 


D1 


en 


D2 


en 


D3 




D4 




D5 


en 


D6 


nz 


D7 


m 


RX 


en 


TX 


fTo" 


CS* 


QE 


XTAL1 


DT 


XTAL2 


QE 


IOW* 


[IT 




"281 


vec 


DO 


cr 


^7] 


CD* 


D1 


en 


"26] 


DSR* 


D2 


cr 


51] 


CTS* 


D3 


en 


31] 


RESET 


D4 


en 


~~23~] 


DTR* 


D5 


en 


~22~1 


RTS* 


D6 


cn 


3D 


AO 


D7 


en 


23 


A1 


RX 


en 


3B 


A2 


TX 


fio~ 


jE 


INT 


CS* 


HE 


33 


Rl* 


CLK 


DE 


jH 


IOR* 


IOW* 


on 


15] 


GND 


GND 





ST16C1451 Plastic-DIP Package 
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ABSOLUTE MAXIMUM RATINGS 



Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



7 Volts 

GND-0.3 V to VCC+0.3 V 
0° C to +70° C 
-40° C to +150° C 
500 mW 



DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, V cc =5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














VlLCK 


Clock input low level 


-0.5 




0.6 


V 




VlHCK 


Clock input high level 


3.0 




VCC 


V 




VlL 


Input low level 


-0.5 




0.8 


V 




VlH 


Input high level 


2.2 




VCC 


V 




Vol 


Output low level on all outputs 






0.4 


V 


Iol= 6 mA 


Voh 


Output high level 


2.4 






V 


Ioh= -6 mA 


Ice 


Avg. power supply current 




6 




mA 




IlL 


Input leakage 






±10 


\iA 




Id 


Clock leakage 






±10 


\xA 





This product can operate in 3.0 Volts environment. Please consult with factory for additional information. 
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w AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70" C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




- - 
Limits 




units 


Conditions 






Willi 


Typ 


Max 
















"TV 

I 1 


Clock high pulse duration 








ns 




I 2 


Clock low pulse duration 


Oft 






ns 




I 3 


oiock nse/raii ume 






1 n 

1 u 


ns 




1 8 


oiiip seieci seiup ume 


c 







ns 




1 9 


omp seieci noia time 


U 






ns 




1 12 


L/dld oUlUp llMIt? 


1 R 






ns 




1 13 


Udld I lUlU Ulllc 


I 






ns 




I 14 


iuvv uciay Hum 01 iiu ocieui 


l w 






ns 




1 15 


IO\A/* ctrnhp vA/iHth 

IUVV oil UUC WIUlll 








ns 




Tl6 


Ohin cplppf hnlH timp frnm IO\A/* 

wllip oCICUl IIUIU IIIIIC IIUIII IUVV 


n 






nc 




Tl7 
I 17 


\A/ritP nx/nlp HpI^v 
v v 1 lie uy l»ic ucidy 








nc 
1 lo 




Tw 


wiiio oyoic— I 15~ 1 17 


1 D5 






ns 




1 19 


root's h/"\l/*l tir*r»£i 

Uaid nuiu time 


1 






ns 




T21 


IOR* Hplav/ frnm nhin cplpnt 


1 n 

i \j 






nc 

1 lo 




T23 


IOR* strobe width 


65 






ns 




T24 


Chip select hold time from IOR* 









ns 




T25 


Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


105 






ns 




T26 


Delay from IOR* to data 






35 


ns 


100 pF load 


T28 


Delay from IOW* to output 






50 


ns 


100 pF load 


T29 


Delay to set interrupt from MODEM 






70 


ns 


100 pF load 




input 












Tso 


Delay to reset interrupt from IOR* 






70 


ns 


100 pF load 


T31 


Delay from stop to set interrupt 






1 Rclk 


* 


1 00 pF load 


T32 


Delay from IOR* to reset interrupt 






200 


ns 


1 00 pF load 


T33 


Delay from initial INT reset to transmit 


8 




24 


* 






start 












T34 


Delay from stop to interrupt 






100 


ns 




T35 


Delay from IOW* to reset interrupt 






175 


ns 




N 


Baud rate devisor 


1 




216-1 
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GENERAL WRITE TIMING 



A0-A2 



CS* 



IOW* 



D0-D7 




161450-WD-1 
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CLOCK TIMING 



EXTERNAL 
CLOCK 




CLOCK PERIOD 



CLOCK PERIOD 



161450-CK-1 
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RECEIVE TIMING 



RX 



INT 



IOR* 



START BIT 
H 



DATA BITS (5-8) 



STOP BIT 



DO 



\__ 



D1 



D2 



D3 



D4 



D5 



D6 



5 DATA BITS 



D7 



6 DATA BITS 



7 DATA BITS 



PARITY BIT 



NEXT 
DATA 
START BIT 

< T31 



T32 -W K- 



16 BAUD RATE CLOCK 



161450-RX-1 
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C/> TRANSMIT TIMING 



TX 



INT 



IOW* 



START BIT 
H 



DATA BITS (5-8) 



STOP BIT 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



5 DATA BITS 



D7 



6 DATA BITS 



7 DATA BITS 



T33 



PARITY BIT 



NEXT 
DATA 
START BIT 

4- T34 



I I 

T35 -H W- 



16 BAUD RATE CLOCK 



►) 

161450-TX-1 
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An EJMRCompany Printed August 3, 1995 

DUAL UNIVERSAL ASYNCHRONOUSRECEIVER/TRANSMITTER 



DESCRIPTION 



The ST16C2450 is a dual universal asynchronous 
receiverand transmitter. Independent programmable 
baud rate generators are provided to select transmit 
and receive clock rates from 50Hzto 1 .5 MHz for each 
UART section. 

The ST16C2450 is an improved version of the 
NS16C450 UART with higher operating speed and 
lower access time. The ST16C2450 on board status 
registers provides the error conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C2450 
provides internal loop-back capability for on board 
diagnostic testing. 

The ST16C2450 is fabricated in an advanced 1.2u. 
CMOS process to achieve low drain power and high 
speed requirements. 



»ceN 



RXB [10_ 

RXA [IT 

N.C. \j2_ 

TXA [IF 

TXB [IT 

OPB* [jjf 

csa* pie" 



PLCC Package 



Q Q Q Q Q 



k i % $ 

a: o Q o 



H H R R Fl |il El H El l»l 



o 



ST16C2450CJ44 



g S 5 8 5 * * g * | 6 

Plastic-DIP Package 



39 | RESET 
38~| DTRB* 
37~] DTRA* 
36~) RTSA* 
35] OPA* 
34~] N.C. 
33~l INTA 
32] INTB 
3lT| AO 
~30~| A1 
l A2 



FEATURES 



•Functional compatible to NS16450, VL16C450, 
WD16C450 

• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl*. CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

• Status report register 

• Independent transmit and receive control 

• TTL compatible inputs, outputs 

• 460.8 kHz transmit/receive operation with 7.372 
MHz crystal or external clock source 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST16C2450CP40 Plastic-DIP 0° C to + 70° C 
ST16C2450CJ44 PLCC 0° C to + 70° C 

"Industrial operating range are available 



DO 


X 




~40l VCC 


D1 


X 




"39] RIA* 


D2 


[X 




"381 CDA* 


D3 


CT 




"371 DSRA* 


D4 


CE 




"361 CTSA* 


D5 


(X 




"351 RESET 


D6 


nz 




"341 DTRB* 


D7 
RXB 


[X 


450CP40 


"331 DTRA* 
"321 RTSA* 


RXA 


□o: 


in opa* 


TXA 
TXB 
OPB* 


EE 
EH 
[X 


ST16C2- 


lol INTA 
"291 INTB 
181 AO 


CSA* 


EE 




"271 A1 


CSB* 


[X 




"261 A2 


XTAL1 


HE 




IT] CTSB* 


XTAL2 


X 




141 RTSB* 


IOW* 


X 




"231 RIB* 


CDB* 


X 




l2~| DSRB* 


GND 


[20 




m ior* 



Rev. 1.0 
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BLOCK DIAGRAM 



D0-D7 
I OR* 
WW* 
RESET 



A0-A2 
CSA* 
CSB* 



INTA 
INTB 



q 5 



to 



c=o 



! * .a 

-2 Sf> 



.2 



§ £ ^ 

^ u M 



Transmit 




Transmit 


Holding 




Shift 


Register 




Register 




Clock 
& 

Baud Rate 
Generator 



1} o 





Receive 




Receive 




Holding 




Shift 


•52 

« ! 

2? 


Register 




Register 



Modem 
Control 
Logic 



TXA/B 



RXA/B 



DTRA/B* 
RTSA/B* 
OPA/B* 

CTSA/B* 
RIA/B* 
CDA/B* 
DSRA/B* 
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SYMBOL DESCRIPTION 



Symbol 


Pin 
40 44 


Signal Type 


Pin Description 


D0-D7 


1-8 


2-9 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RX A/B 


11,10 


10,9 


I 


Serial data input A/B. The serial information (data) received 
from serial port to ST16C2450 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
local loopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


TX A/B 


11,12 


13,14 


o 


Serial data output A/B. The serial data is transmitted via 
this pin with additional start , stop and parity bits. The TX will 
be held in mark (high) state during reset, local loopback 
mode or when the transmitter is disabled. 


CS* A/B 


14,15 


16,17 


I 


Chip select A/B. (active low) A low at this pin enables the 
ST16C2450 / CPU data transfer operation. 


XTAL1 


16 


18 


I 


Crystal input 1 or external clock input. A crystal can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generator for custom transmis- 
sion rates. 


XTAL2 


17 


19 


o 


Crystal input 2 or buffered clock output. See XTAL1 . 


IOW* 


18 


20 


I 


Write strobe, (active low) A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


IOR* 


21 


24 


I 


Read strobe, (active low) A low level on this pin transfers 
the contents of the ST16C2450 data bus to the CPU. 


A0-A2 


28-26 


31-29 


I 


Address select lines. To select internal registers. 


INT A/B 


30,29 


33,32 


o 


Interrupt output A/B. (active high) This pin goes high (when 
enabled by the interrupt enable register) whenever a re- 
ceiver error, receiver data available, transmitter empty/or 
modem status condition flag is detected. 
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SYMBOL DESCRIPTION 



Symbol 


Pin 
40 44 


Signal Type 


Pin Description 


OP*A/B 


31,13 


35,15 


O 


Interrupt enable output (active low). This pin stays high 
when INT out pin is set to three state mode and goes low 
when INT pin is enabled via OP2* See bit-3 modem control 
register (MCR bit-3). 


RTS* A/B 


32,24 


36,27 


O 


Request to send A/B (active low). To indicate that the 
transmitter has data ready to send. Writing a "1" in the 
modem control register (MCR bit-1 ) will set this pin to a low 
state. After the reset this pin will be set to high. Note that 
this pin does not have any effect on the transmit or receive 
operation. 


DTR* A/B 


33,34 


37,38 


o 


Data terminal ready A/B (active low). To indicate that 
ST16C2450 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1 " at the MCR bit-0 will set the DTR* output to low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset . Note that this pin does not have 
any effect on the transmit or receive operation. 


RESET 


35 


39 


I 


Master reset, (active high) A high on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CTS* A/B 


36,25 


40,28 


I 


Clear to send A/B (active low). The CTS* signal is a 
MODEM control function input whose conditions can be 
tested by reading the MSR BIT-4. CTS* has no effect on the 
transmit or receive operation. 


DSR* A/B 


37,22 


41,25 


I 


Data set ready A/B (active low). A low on this pin indicates 
the MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


CD* A/B 


38,19 


42,21 


I 


Carrier detect A/B (active low). A low on this pin indicates 
the carrier has been detected by the modem. 


Rl* A/B 


39,23 


43,26 


I 


Ring detect indicator A/B (active low). A low on this pin 
indicates the modem has received a ringing signal from 
telephone line. 
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Symbol 


Pin 


Signal Type 


Pin Description 




40 


44 






vcc 


40 


44 


I 


Power supply input. 


GND 


20 


22 


o 


Signal and power ground. 



PROGRAMMING TABLE 



A2 


A1 


AO 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Interrupt Enable Register 





1 





Interrupt Status Register 







1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 






1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 
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ST16C2450 ACCESSIBLE REGISTERS A/B 



A2A1 AO 


Register 


BIT-7 


BIT-6 


BIT-5 


BIT-4 


BIT-3 


BIT-2 


BIT-1 


BIT-0 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


IER 














modem 
status 
interrupt 


receive 

line 
status 
interrupt 


transmit 
holding 
register 


receive 
holding 
register 


1 


ISR 

















int 
priority 
bit-1 


int 
priority 
bit-0 


int 
status 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 


1 


MCR 











loop 
back 


OP2/ 
INT 
enable 


Not 
used 


RTS* 


DTR* 


1 1 


LSR 





trans, 
empty 


trans, 
holding 
empty 


break 
interrupt 


framing 
error 


parity 
error 


overrun 
error 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


DLM 


hit-15 


bit-14 


bit-13 


bit-12 


bit-11 


bit-1 


bit-9 


bit-B 



DLL and DLM are accessible only when LCR bit-7 is set to "1". 
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REGISTER FUNCTIONAL DESCRIPTIONS A/B 



TRANSMIT AND RECEIVE HOLDING REGISTER 

The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 

On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiver status codes will 
be posted in the Line Status Register. 



PROGRAMMABLE BAUD RATE GENERATOR 

The ST1 6C2450 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-24 MHz and dividing it by any divisor from 1 
to 2ie -1. The output frequency of the Baudout* is 
equal to 16X of transmission baud rate (Baudout*=16 
x Baud Rate). Customize Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 



INTERRUPT ENABLE REGISTER (IER) 

The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 



IER BIT-0: 

0=disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 

IER BIT-1: 

0=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 

IER BIT-2: 

0=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 

IER BIT-3: 

0=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 

IER BIT 4-7: 

All these bits are set to logic zero. 



INTERRUPT STATUS REGISTER (ISR) 

The ST16C2450 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Interrupt Status Regis- 
ter (ISR) provides the source of the interrupt in priori- 
tized matter. During the read cycle the ST16C2450 
provides the highest interrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized interrupt levels: 



Priority level 



p 


1111 


D1 


DO 


Source of the interrupt 


1 


1 


1 





LSR (Receiver Line Status 










Register) 


2 


1 








RXRDY (Received Data 










Ready) 


3 





1 





TXRDY( Transmitter Holding 










Register Empty) 


4 











MSR (Modem Status Regis- 










ter) 
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ISR BIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 

1=no interrupt pending. 
ISR BIT 1-2: 

Logical combination of these bits, provides the high- 
est priority interrupt pending. 

ISR BIT 3-7: 

These bits are not used and are set to "0". 



LINE CONTROL REGISTER (LCR) 



LCR BIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 

LCR BIT-4: 

If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 

0=ODD parity is generated by forcing an odd number 
of 1's in the transmitted data, receiver also checks for 
same format. 

1 = EVEN parity bit is generated by forcing an even the 
number of 1 's in the transmitted data, receiver also 
checks for same format. 



The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCR BIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 



BIT-1 


BIT-0 


Word length 








5 





1 


6 


1 





7 


1 


1 


8 



LCRBIT-2: 

The number of stop bits can be specified by this bit. 



BIT-2 


Word length 


Stop bit(s) 





5,6,7,8 


1 


1 


5 


1-1/2 


1 


6,7,8 


2 



LCRBIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 

LCR BIT-6: 

Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
0=normal operating condition. 
1 =forces the transmitter output (TX) to go low to alert 
the communication terminal. 

LCR BIT-7: 

The internal baud rate counter latch enable (DLEN). 
0=normal operation. 
1=select divisor latch register. 

MODEM CONTROL REGISTER (MCR) 

This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCR BIT-0: 

0=force DTR* output to high. 
1 =force DTR* output to low. 
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MCR BIT-1: 

O=force RTS* output to high. 
1 =force RTS* output to low. 

MCR BIT-2: 

not used except in local loop-back mode. 



MCR BIT-3: 

0=set INT output pin to three state mode and OP2* 
output to high. 

1=set INT output pin to normal operating mode and 
OP2* output to low. 

MCR BIT-4: 

0=normal operating mode. 

1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) , CTS*, DSR*, CD*, and Rl* are 
disabled. Internally the transmitter output is con- 
nected to the receiver input and DTR*, RTS*, MCR 
bit-2 and OP2*/INT enable are connected to modem 
control inputs. 

In this mode , the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
now the lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER . 

MCR BIT 5-7: 

Not used. Are set to zero permanently. 

LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 

LSR BIT-0: 

0=no data in receive holding register 

1=data has been received and saved in the receive 

holding register. 



LSR BIT-1: 

0=no overrun error (normal). 
1=overrun error, next character arrived before re- 
ceive holding register was emptied. 

LSR BIT-2: 

0=no parity error (normal). 

1=parity error, received data does not have correct 
parity information. 

LSR BIT-3: 

0=no framing error (normal). 

1 =framing error received, received data did not have 

a valid stop bit. In 

LSR BIT-4: 

0=no break condition (normal). 

1=receiver received a break signal (RX was low for 

one character time frame). 

LSR BIT-5: 

0=transmit holding register is full. ST16C2450will not 
accept any data for transmission. 
1=transmit holding register is empty. CPU can load 
the next character. 

LSR BIT-6: 

0=transmitter holding and shift registers are full. 
1 transmitter holding and shift registers are empty. 

LSR BIT-7: 

Not used. Set to "0". 



MODEM STATUS REGISTER (MSR) 

This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 

MSR BIT-0: 

Indicates that the CTS* input to the ST16C2450 has 
changed state since the last time it was read. 
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MSRBIT-1: 

Indicates that the DSR* input to the ST16C2450 has 
changed state since the last time it was read. 

MSR BIT-2: 

Indicates that the Rl* input to the ST16C2450 has 
changed from a low to a high state. 

M3RBIT-3: 

Indicates that the CD* input to the ST16C2450 has 
changed state since the last time it was read. 

MSR BIT-4: 

This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 

MSR BIT-5: 

This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 

MSR BIT-6: 

This bit is equivalent to MCR bit-2 during local loop- 
back mode. It is the compliment of the Rl* input. 

MSR BIT-7: 

This bit is equivalent to OP27INT enable in the MCR 
during local loop-back mode. It is the compliment to 
the CD* input. 

Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 



SCRATCHPAD REGISTER (SR) 

ST16C2450 provides a temporary data register to 
store 8 bits of information for variable use. 



BAUD RATE GENERATOR PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 



BAUD RATE 


16 X CLOCK 


% ERROR 




DIVISOR 




50 


2304 




75 


1536 




110 


1047 


0.026 


134.5 


857 


0.058 


150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




3600 


32 




4800 


24 




7200 


16 




9600 


12 




19.2K 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 





ST16C2450 EXTERNAL RESET CONDITION 



SIGNALS 


RESET STATE 


TX 


High 


OP2* 


High 


RTS* 


High 


DTR* 


High 


INT 


Three state mode 



REGISTERS 


RESET STATE 


IER 


IER BITS 0-7=0 


ISR 


ISR BIT-0=1, ISR BITS 1-7=0 


LCR 


LCR BITS 0-7=0 


MCR 


MCR BITS 0-7=0 


LSR 


LSR BITS 0-4=0, 




LSR BITS 5-6=1 LSR, BIT 7=0 


MSR 


MSR BITS 0-3=0, 




MSR BITS 4-7=input signal 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 
















Ti 


Clock high pulse duration 


20 






ns 




T 2 


Clock low pulse duration 


20 






ns 




Ts 


Clock rise/fall time 






10 


ns 




Ts 


Chip select setup time 


15 






ns 




T 9 


Chip select hold time 









ns 




T12 


Data set up time 


15 






ns 




Tl3 


Data hold time 


15 






ns 




T14 


IOW* delay from chip select 


10 






ns 




Tl5 


IOW* strobe width 


50 






ns 




Tie 


Chip select hold time from IOW* 









ns 




Tl7 


Write cycle delay 


55 






ns 




Tw 


Write cycle=Ti5+Ti7 


105 






ns 




T19 


Data hold time 


15 






ns 




T21 


IOR* delay from chip select 


10 






ns 






IOR* <;trnhp wirlth 

1 Vw/ [\ oil UUv WIUlll 








1 10 




T24 


Chip select hold time from IOR* 









ns 




T25 


Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 




T 26 


Delay from IOR* to data 






35 


ns 


100 pF load 


T28 


Delay from IOW* to output 






50 


ns 


100 pF load 


T29 


Delay to set interrupt from MODEM 






70 


ns 


100 pF load 




input 












T30 


Delay to reset interrupt from IOR* 






70 


ns 


100 pF load 


T31 


Delay from stop to set interrupt 






iRclk 


ns 


100 pF load 


T32 


Delay from IOR* to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 


8 




24 


* 






start 












T34 


Delay from stop to interrupt 






100 


ns 




T35 


Delay from IOW* to reset interrupt 






175 


ns 




N 


Baud rate devisor 


1 




216-1 







Note 1 : * = Baudout* cycle 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














VlLCK 


Clock input low level 


-0.5 




0.6 


V 




VlHCK 


Clock input high level 


3.0 




VCC 


V 




VlL 


Input low level 


-0.5 




0.8 


V 




VlH 


Input high level 


2.2 




VCC 


V 




Vol 


Output low level on all outputs 






0.4 


V 


Iol= 6 mA 


VOH 


Output high level 


2.4 






V 


Ioh= -6 mA 


Ice 


Avg. power supply current 




6 




mA 




IlL 


Input leakage 






±10 


nA 




Id 


Clock leakage 






±10 


MA 





This product can operate in 3.0 Volts environment. Please consult with factory for additional information. 



CLOCK TIMING 



EXTERNAL 
CLOCK 




CLOCK PERIOD 



CLOCK PERIOD 



161450-CK-1 
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GENERAL WRITE TIMING 



A0-A2 



CSx* 



IOW* 



D0-D7 




1 62450- WD-1 
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MODEM TIMING 
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RECEIVE TIMING 



RX 



INTx 



IOR* 



START BIT 
H 



DATA BITS (5-8) 



STOP BIT 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



l ^ 



D7 



5 DATA BITS 



\4r 



6 DATA BITS 



7 DATA BITS 



PARITY BIT 



NEXT 
DATA 
START BIT 



— W K- T31 

1 I 



I 



T32 -W K- 



O 
ro 

Ol 

o 



16 BAUD RATE CLOCK 



162450-RX-1 
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TRANSMIT TIMING 



TX 



INTx 



IOW* 



START BIT 
H 



DATA BITS (5-8) 



STOP BIT 



DO 



\ 



D1 



D2 



D3 



D4 



D5 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 



T33 




16 BAUD RATE CLOCK 



M 

162450-TX-1 
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» STARTECH ST16C450 

An HB? EXflRCompany Printed August 3, 1995 

UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER 



DESCRIPTION 



The ST16C450 is a universal asynchronous receiver 
and transmitter. A programmable baud rate genera- 
tor is provided to select transmit and receive clock 
rates from 50Hz to 1 .5 MHz. 
The ST16C450 is an improved version of the 
NS16C450 UART with higher operating speed and 
lower access time. The ST16C450 on board status 
registers provides the error conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C450 
provides internal loop-back capability for on board 
diagnostic testing. 

The ST16C450 is fabricated in an advanced 1.2u, 
CMOS process to achieve low drain power and high 
speed requirements. 



D5 [T\ 
D6 [IT 
D7 [jf 
RCLK [l0 
RX |jT 
N.C. [l2~ 
TX [t3~ 
CSO (17 
CS1 [IT 
CS2* \j¥ 
BAUDOUT* [T7 



PLCC Package 
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ST16C450CJ44 



"39] RESET 
38~| OP1* 

"37~| DTR* 
36~] RTS* 
35~] OP2* 
34~] N.C. 
33] INT 

"32] N.C. 

~31~| AO 
30~| A1 
29] A2 



Plastic-DIP Package 



FEATURES 



•Pin to pin and functional compatible to 
NS1 6450, VL1 6C450, WD1 6C450 

• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl*, CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

• Status report register 

• Independent transmit and receive control 

• TTL compatible inputs, outputs 

• 460.8 kHz transmit/receive operation with 7.372 
MHz crystal or external clock source 



ORDERING INFORMATION 



Part number 
ST16C450CP40 
ST16C450CJ44 
ST16C450CQ48 



Package Operating temperature 
Plastic-DIP 0° C to + 70° C 
PLCC 0° C to + 70° C 

TQFP 0° C to + 70° C 



DO 


x 




~40l VCC 


D1 


X 




"391 Rl* 


D2 


X 




"38] CD* 


D3 


LX 




~37] DSR* 


D4 


X 




"361 CTS* 


D5 


X 




"351 RESET 


D6 


X 




"341 OP1* 


D7 


X 




"331 DTR* 


RCLK 


X 





~32l RTS* 


RX 


X 


CP 


"3T1 OP2* 











TX 


X 


LO 

■^r 


~30l INT 






O 




CSO 


X 


CD 


"291 N.C. 


CS1 


X 


I— 
CO 


"281 AO 


CS2* 


X 




"27~| A1 


BAUDOUT* 


X 




"26~l A2 


XTAL1 


X 




"251 AS* 


XTAL2 


X 




"241 CSOUT 


IOW* 


X 




~23l DDIS* 


IOW 


X 




~22~1 IOR 


GND 


f20~ 




"2TI IOR* 



* Industrial operating range are available. 



Rev. 1.0 
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BLOCK DIAGRAM 



D0-D7 
IOR*JOR 
IOW*JOW 
RESET 



A0-A2 
AS* 
CS0*,CS1 
CS2 

DDIS* 
CSOUT 



INT 




Transmit 




Transmit 


Holding 




Shift 


Register 




Register 



Clock 
& 

Baud Rate 
Generator 



as 



5 





Receive 




Receive 




Holding 




Shift 




Register 




Register 



Modem 
Control 
Logic 



TX 



RX 



DTR*,RTS* 
OPl* f OP2* 

CTS* 
RI* 
CD* 
DSR* 
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SYMBOL DESCRIPTION 



Symbol 


Pin 
40 44 


Signal Type 


Pin Description 


D0-D7 


1-8 


2-9 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RCLK 


9 


10 


I 


Receive clock input. The external clock input to the 
ST16C450 receiver section if receiver data rate is different 
from transmitter data rate. 


RX 


10 


11 


I 


Serial data input. The serial information (data) received 
from serial port to ST16C450 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
local loopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


TX 


11 


13 


o 


Serial data output. The serial data is transmitted via this pin 
with additional start , stop and parity bits. The TX will be held 
in mark (high) state during reset, local loopback mode or 
when the transmitter is disabled. 


CSO 


12 


14 


I 


Chip select 1 (active high). A high at this pin enables the 
ST16C450 / CPU data transfer operation. 


CS1 


13 


15 


I 


Chip select 2 (active high). A high at this pin enables the 
ST16C450 / CPU data transfer operation. 


poo* 


14 


16 


I 


OIIIJJ oCltJUl O ^dUllVc lUWy. r\ IUW dl IMIo pill ^WIIIIC OOU — I 

and CS1=1) will enable the ST16C450 / CPU data transfer 
operation. 


BAUDOUT* 


15 


17 


o 


Baud rate generator clock output. This output provides the 
16x clock of the internal selected baud rate. RCLK pin is 
connected externally to BAUDOUT* pin to provide the 
receiver clock. 


XTAL1 


16 


18 


I 


Crystal input 1 or external clock input. A crystal can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generatorforcustom transmis- 
sion rates. 
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SYMBOL DESCRIPTION 



Symbol 


Pin 

lllllllllllllll 


Signal Type 


Pin Description 


XTAL2 


17 


19 


O 


Crystal input 2 or buffered clock output. See XTAL1 . 


IOW* 


18 


20 


I 


Write strobe (active low). A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


IOW 


19 


21 


I 


Write strobe (active high). Same as IOW*, but uses active 
high input. Note that only an active IOW* or IOW input is 
required to transfer data from CPU to ST16C450 during 
write operation. All the unused pin should be tied to VCC or 
GND. 


GND 


20 


22 


O 


Signal and power ground. 


IOR* 


21 


24 


I 


Read strobe (active low). A low level on this pin transfers 
the contents of the ST16C450 data bus to the CPU. 


IOR 


22 


25 


I 


Read strobe (active high). Same as IOR*, but uses active 
high input. Note that only an active IOR* or IOR input is 
required to transfer data from ST16C450 to CPU during 
read operation. All the unused pin should be tied to VCC 
or GND. 


DDIS* 


23 


26 


o 


Drive disable (active low). This pin goes low when the CPU 
is reading data from the ST16C450 to disable the external 
transceiver or logic's. 


CSOUT 


24 


27 


o 


Chin «5Plprt nut A hinh on thte nin indiratp*? that thp 
ST16C450 has been enabled by the chip select pin. 


AS* 


25 


28 


I 


Address strobe (active low). A low on this pin will latch the 
state of the chip selects and addressed register (A2-A0). 
This input is used when signals are not stable for the 
duration of a read or write operation. If not required, tie the 
AS* input permanently low. 


A2 


26 


29 


I 


Address select line 2. To select internal registers. 


A1 


27 


30 


I 


Address select line 1. To select internal registers. 


AO 


28 


31 


I 


Address select line 0. To select internal registers. 
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SYMBOL DESCRIPTION 



Symbol 


Pin 
40 44 


Signal Type 


Pin Description 


INT 


30 


33 


O 


Interrupt output (active high). This pin goes high (when 
enabled by the interrupt enable register) whenever a re- 
ceiver error, receiver data available, transmitter empty, or 
modem status condition flag is detected. 


OP2* 


O 1 




O 


General purpose output (active low). User defined output. 
See bit-3 modem control register (MCR bit-3). 


RTS* 


32 


36 


o 


Request to send (active low). To indicate that the transmit- 
ter has data ready to send. Writing a "1" in the modem 
control register (MCR bit-1 ) will set this pin to a low state. 
After the reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion. 


DTR* 


33 


37 


o 


Data terminal ready (active low). To indicate that 
ST16C450 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1 " at the MCR bit-0 will set the DTR* output to low. 
This pin will be set to high state after writing a "0" to that 
rep ; ster or after the reset . Note that this pin does not have 
any effect on the transmit or receive operation. 


OP1* 


34 


38 


o 


General purpose output (active low). User defined output. 
See bit-2 of modem control register (MCR bit-2). 


RESET 


35 


39 


I 


Master reset (active high). A high on this pin will reset all 
the outputs and internal registers. The transmitter output 
and the receiver input will be disabled during reset time. 


CTS* 


36 


40 


I 


Clear to send (active low). The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR BIT-4. CTS* has no effect on the transmit 
or receive operation. 


DSR* 


37 


41 


I 


Data set ready (active low). A low on this pin indicates the 
MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 
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Symbol 


Pin 
40 44 


Signal Type 


Pin Description 


CD* 


38 


42 


I 


Carrier detect (active low). A low on this pin indicates the 
carrier has been detected by the modem. 


Rl* 


39 


43 


! 


Ring detect indicator (active low). A low on this pin indicates 
the modem has received a ringing signal from telephone 
line. 


VCC 


40 


44 


I 


Power supply input. 



All unused input pins should be tied to VCC or GND. 



PROGRAMMING TABLE 



llllll 


A1 


IIHII 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Interrupt Enable Register 





1 





Interrupt Status Register 







1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 



3-42 



ST16C450 

c/> 

H 

O 
.&> 
01 
o 

ST16C450 ACCESSIBLE REGISTERS 



A2A1 AO 


Register 


BIT-7 


lllHll 


BIT-5 


BIT-4 


BIT-3 


BIT-2 


BIT-1 


BIT-0 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


IER 














modem 
status 
interrupt 


receive 
line 
status 
interrupt 


transmit 
holding 
register 


receive 
holding 
register 


1 


ISR 

















int 
priority 
bit- 1 


int 
priority 
bit-0 


int 
status 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 


1 


MCR 











loop 
back 


OP2* 


OP1* 


RTS* 


DTR* 


10 1 


LSR 





trans, 
empty 


trans. 

holding 

empty 


break 
interrupt 


framing 
error 


parity 
error 


overrun 
error 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


DLM 


bit-15 


bit-14 


bit-13 


bit-12 


bit-11 


bit-10 


bit-9 


bit-B 



DLL and DLM are accessible only when LCR bit-7 is set to "1". 
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REGISTER FUNCTIONAL DESCRIPTIONS 
TRANSMIT AND RECEIVE HOLDING REGISTER 

The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 

On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiver status codes will 
be posted in the Line Status Register. 



PROGRAMMABLE BAUD RATE GENERATOR 

The ST16C450 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-24 MHz and dividing it by any divisor from 1 
to 2ie -1. The output frequency of the Baudout* is 
equal to 16X of transmission baud rate (Baudout*=16 
x Baud Rate). Customize Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 



INTERRUPT ENABLE REGISTER (IER) 

The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 



IER BIT-0: 

0=disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 

IER BIT-1: 

0=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 

IER BIT-2: 

0=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 

IERBIT-3: 

0=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 

IER BIT 7-4: 

All these bits are set to logic zero. 



INTERRUPT STATUS REGISTER (ISR) 

The ST16C450 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Interrupt Status Regis- 
ter (ISR) provides the source of the interrupt in priori- 
tized matter. During the read cycle the ST16C450 
provides the highest interrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized interrupt levels: 

Priority level 



p 


D2 


D1 


DO 


Source of the interrupt 


1 


1 


1 





LSR (Receiver Line Status 










Register) 


2 


1 








RXRDY (Received Data 










Ready) 


3 





1 





TXRDY( Transmitter Holding 










Register Empty) 


4 











MSR (Modem Status Regis- 










ter) 
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ISR BIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 

1=no interrupt pending. 
ISR BIT 1-2: 

Logical combination of these bits, provides the high- 
est priority interrupt pending. 

ISR BIT 3-7: 

These bits are not used and are set to "0". 



LINE CONTROL REGISTER (LCR) 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCR BIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 



BIT-1 


BIT-0 


Word length 








5 





1 


6 


1 





7 


1 


1 


8 



LCRBIT-2: 

The number of stop bits can be specified by this bit. 



BIT-2 


Word length 


Stop bit(s) 





5,6,7,8 


1 


1 


5 


1-1/2 


1 


6,7,8 


2 



LCR BIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 

LCR BIT-4: 

If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 

0=ODD parity is generated by forcing an odd number 
of 1 's in the transmitted data, receiver also checks for 
same format. 

1 = EVEN parity bit is generated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 

LCR BIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 

LCR BIT-6: 

Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
0=normal operating condition. 
1 =forces the transmitter output (TX) to go low to alert 
the communication terminal. 

LCR BIT-7: 

The internal baud rate counter latch enable (DLEN). 

0=normal operation. 

1 =select divisor latch register. 

MODEM CONTROL REGISTER (MCR) 

This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCR BIT-0: 

0=force DTR* output to high. 
1=force DTR* output to low. 
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MCR BIT-1: 

O=force RTS* output to high. 
1 =force RTS* output to low. 

MCR BIT-2: 

0=set OP1* output to high. 
1=set OP1* output to low. 

MCR BIT-3: 

0=set OP2* output to high. 
1=set OP2* output to low. 

MCR BIT-4: 

0=normal operating mode. 

1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) , CTS*, DSR* CD*, and Rl* are 
disabled. Internally the transmitter output is con- 
nected to the receiver input and DTR*, RTS*, OP1* 
and OP2* are connected to modem control inputs. 
In this mode , the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
now the lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER . 

MCR BIT 5-7: 

Not used. Are set to zero permanently. 



LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 

LSR BIT-0: 

0=no data in receive holding register 

1=data has been received and saved in the receive 

holding register. 

LSR BIT-1: 

0=no overrun error (normal). 

1 =overrun error, next characterarrived before receive 

holding register was emptied. 



LSR BIT-2: 

0=no parity error (normal). 

1=parity error, received data does not have correct 
parity information. 

LSR BIT-3: 

0=no framing error (normal). 

1=framing error received, received data did not have 

a valid stop bit. In 

LSR BIT-4: 

0=no break condition (normal). 

1=receiver received a break signal (RX was low for 

one character time frame). 

LSR BIT-5: 

retransmit holding register is full. ST16C450 will not 
accept any data for transmission. 
1 transmit holding register is empty. CPU can load 
the next character. 

LSR BIT-6: 

Otransmitter holding and shift registers are full. 
1 transmitter holding and shift registers are empty. 

LSR BIT-7: 

Not used. Set to "0". 

MODEM STATUS REGISTER (MSR) 

This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 

MSR BIT-0: 

Indicates that the CTS* input to the ST16C450 has 
changed state since the last time it was read. 

MSR BIT-1: 

Indicates that the DSR* input to the ST16C450 has 
changed state since the last time it was read. 
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MSR BIT-2: 

Indicates that the Rl* input to the ST16C450 has 
changed from a low to a high state. 



BAUD RATE GENERATOR 
TABLE (1.8432 MHz CLOCK): 



PROGRAMMING 



Indicates that the CD* input to the ST16C450 has 
changed state since the last time it was read. 


BAUD RATE 


16 x CLOCK 
DIVISOR 


% ERROR 


MSR BIT-4: 


50 


2304 




This bit is equivalent to RTS in the MCR during local 


75 


1536 




loop-back mode. It is the compliment of the CTS* 


110 


1047 


0.026 


input. 


134.5 


857 


0.058 




150 


768 




MSR BIT-5: 


300 


384 




This bit is equivalent to DTR in the MCR during local 


600 


192 




loop-back mode. It is the compliment of the DSR* 


1200 


96 




input. 


2400 


48 






3600 


32 




MSR BIT-6: 


4800 


24 




This bit is equivalent to OP1 in the MCR during local 


7200 


16 




loop-back mode. It is the compliment of the Rl* input. 


9600 


12 






19.2K 


6 




MSR BIT-7: 


38.4K 


3 




This bit is equivalent to OP2 in the MCR during local 


56K 


2 


2.77 


loop-back mode. It is the compliment to the CD* input. 


115.2K 


1 





Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 

SCRATCHPAD REGISTER (SR) 

ST16C450 provides a temporary data registerto store 
8 bits of information for variable use. 



ST16C450 EXTERNAL RESET CONDITION 



SIGNAL 


RESET STATE 


TX 


High 


OP1* 


High 


OP2* 


High 


RTS* 


High 


DTR* 


High 


INT 


Low 



REGISTERS 


RESET STATE 


IER 


IER BITS 0-7=0 


ISR 


ISR BIT-0=1, ISR BITS 1-7=0 


LCR 


LCR BITS 0-7=0 


MCR 


MCR BITS 0-7=0 


LSR 


LSR BITS 0-4=0, 




LSR BITS 5-6=1 LSR, BIT 7=0 


MSR 


MSR BITS 0-3=0, 




MSR BITS 4-7=input signals 



3-47 



ST16C450 

o 

o — 

CD 

AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Mm 


Typ 


Max 














Ti 


Clock high pulse duration 


20 






ns 




li 


Clock low pulse duration 


20 






ns 




Ts 


Clock rise/fall time 






10 


ns 




T 4 


Baud out rise/fall time 






100 


ns 


100 pF load 


Ts 


Address strobe width 


30 






ns 




Te 


Address setup time 


15 






ns 




T7 


Address hold time 


15 






ns 




Tb 


Chip select setup time 


5 






ns 




Ts 


Chip select hold time 









ns 




T10 


CSOUT delay from chip select 






10 


ns 




T11 


IOR* to DDIS* delay 






35 


ns 


100 pF load 


T12 


Data setup time 


15 






ns 


Note: 1 


Tl3 


Data hold time 


15 






ns 


Note: 1 


T14 


IOW* delay from chip select 


10 






ns 


Note:1 


Tl5 


IOW* strobe width 


55 






ns 




T16 


Chip select hold time from IOW* 









ns 


Note: 1 


T17 


Write cycle delay 


55 






ns 




Tw 


Write cycle=Ti5+Ti7 


105 






ns 




T19 


Data hold time 


15 






ns 




T21 


IOR* delay from chip select 


25 






ns 


Note: 1 


T23 


IOR* strobe width 


65 






ns 




T24 


Chip select hold time from IOR* 









ns 


Note: 1 


T25 


Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 




T26 


Delay from IOR* to data 


25 






ns 


100 pF load 


T 28 


Delay from IOW* to output 






50 


ns 


100 pF load 


T29 


Delay to set interrupt from MODEM 
input 






70 


ns 


100 pF load 


T30 


Delay to reset interrupt from IOR* 






70 


ns 


100 pF load 


T31 


Delay from stop to set interrupt 






iRclk 


* 


100 pF load 


T32 


Delay from IOR* to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 
start 


8 




24 


* 
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AC ELECTRICAL CHARACTERISTICS 

T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 


Miri 


Limits 
Typ 


Max 


Units 


Conditions 










T 34 
T35 
N 


Delay from stop to interrupt 
Delay from IOW* to reset interrupt 
Baud rate devisor 


1 




100 
175 

216-1 


ns 
ns 





Note 1 : Applicable only when AS* is tied low. 



El EM El EMM 



D6 [jF 

D7 [jT 

RCLK [~~5~ 

N.C. | 6 

RX [j2 

TX [jT 

CSO f~9~ 

CS1 | 10 

cs2* rrr 



o 



ST16C450CQ48 



36~| N.C. 

~35~] RESET 

~~34~] opv 

~33~] DTR* 

IT] RTS* 

~31~1 OP2* 

~30~| INT 

29 I N.C. 

28 1 AO 

~27~| A1 

IT! A2 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70 C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




llllllll 


Conditions 






Min 


Typ 


iliiliiiil 














VlLCK 


Clock input low level 


-0.5 




0.6 


V 




VlHCK 


Clock input high level 


3.0 




vec 


V 




VlL 


Input low level 


-0.5 




0.8 


V 




VlH 


Input high level 


2.2 




vec 


V 




Vol 


Output low level on all outputs 






0.4 


V 


Iol= 6 mA 


VOH 


Output high level 


2.4 






V 


Ioh= -6 mA 


Ice 


Avg. power supply current 




6 




mA 




IlL 


Input leakage 






±10 


\xA 




ICL 


Clock leakage 






±10 


\iA 





This product can operate in 3.0 Volts environment. Please consult with factory for additional information. 



7 Volts 

GND-0.3 V to VCC+0.3 V 
0°C to +70° C 
-40° C to +150° C 
500 mW 
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CLOCK PERIOD CLOCK PERIOD 



BAUDOUT* TIMING 

T4 T4 




16450-CK-1 
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GENERAL WRITE TIMING 



AS* 



A0-A2 



CS2* 
CS1-CS0 



IOW* 
IOW 



CSOUT 



D0-D7 




16450-WD-1 
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MODEM TIMING 
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RECEIVE TIMING 



RX 



INT 



IOR* 
IOR 



START BIT 
H 

W- 



DATA BITS (5-8) 



STOP BIT 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



5 DATA BITS 



D7 



H- 



6 DATA BITS 



7 DATA BITS 



PARITY BIT 



NEXT 
DATA 
START BIT 



-X *- T31 

1 I 



T32 -W 



16 BAUD RATE CLOCK 



W 

16450-RX-1 
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TRANSMIT TIMING 



TX 



INT 



IOW* 
IOW 



START BIT 
H 



DO 



->| \+ T33 



DATA BITS (5-8) 



D1 



D2 



D3 



D4 



D5 



STOP BIT 



5 DATA BITS 



-W 



6 DATA BITS 



7 DATA BITS 




16 BAUD RATE CLOCK 



■ N 

16450-TX-1 
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STARTECH ST16C454 

An EXflRCompany Printed August 3, 1995 

QUAD ASYNCHRONOUS RECEIVER AND TRANSMITTER 



DESCRIPTION 



The ST16C454 is a quad universal asynchronous 
receiver and transmitter. A programmable baud rate 
generator is provided to select transmit and receive 
clock rates from 50Hz to 1 .5 MHz. 
The ST16C454 is an improved version of the 
NS16C450 UART with higher operating speed and 
lower access time. The ST16C454 on board status 
registers provides the error conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C454 
provides internal loop-back capability for on board 
diagnostic testing. 

The ST16C454 is fabricated in an advanced 1.2u, 
CMOS process to achieve low drain power and high 
speed requirements. 



PLCC Package 




FEATURES 



•Quad ST16C450 

• Pin-to-pin compatible to ST16C554 

• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl* CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

• Status report register 

• Independent transmit and receive control 

• TTL compatible inputs, outputs 

• 460.8 kHz transmit/receive operation with 7.372 
MHz crystal or external clock source 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST16C454CJ68 PLCC 0° C to + 70° C 

ST16C454IJ68 PLCC -40° C to + 85° C 



Rev. 1.0 
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BLOCK DIAGRAM 



D0-D7 
I OR* 
WW* 
RESET 



A0-A2 
CSx* 



INTSEL 



INTx 




Transmit 




Transmit 






Holding 




Shift 




rxx 


Register 




Register 







Clock 
& 

Baud Rate 
Generator 





Receive 




Receive 




Holding 




Shift 




Register 




Register 



Modem 
Control 
Logic 



RXx 



DTRx*,RTSx* 

CTSx* 
RIx* 
CD*x 
DSRx* 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


D0-D7 


5-66 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 








transfer information to or from the CPU. DO is the least 








significant bit of the data bus and the first serial data bit to 








be received or transmitted. 


RX A-B 


7,29 






RX C-D 


41,63 


I 


Serial data input. The serial information (data) received 








from serial port to ST16C454 receive input circuit. A mark 








(high) is logic one and a space (low) is logic zero. During the 








local loopback mode the RX input is disabled from external 








connection ana conneciea to ine 1 a ouiput iniernaiiy. 


TX A-B 


17,19 






TXC-D 


51,53 


O 


Serial data output. The serial data is transmitted via this pin 








with additional start , stop and parity bits. The TX will be held 








in mark (high) state during reset, local loopback mode or 








when the transmitter is disabled. 


CS* A-B 


16,20 






CS* C-D 


50,54 


I 


Chip select (active low). A low at this pin enables the 








ST16C454 / CPU data transfer operation. Each UART 








section of the ST16C454 can be accessed independently. 


XTAL1 


35 


I 


Crystal input 1 or external clock input. A crystal can be 








connected to this pin and XTAL2 pin to utilize the internal 








oscillator circuit. An external clock can be used to clock 








internal circuit and baud rate generatorfor custom transmis- 








sion rates. 


XTAL2 


36 


O 


Crystal input 2 or buffered clock output. See XTAL1 . 


IOW* 


18 


I 


Write strobe (active low). A low on this pin will transfer the 








contents of the CPU data bus to the addressed register. 


GND 


6,23 






GND 


40,57 


O 


Signal and power ground. 


IOR* 


52 


I 


Read strobe (active low.) A low level on this pin transfers 








the contents of the ST16C454 data bus to the CPU. 


INTSEL 


65 


I 


Interrupt type select. Enable /disable the interrupt three 








state function. Normal interrupt output can be selected by 








connecting this pin to VCC ( MCR bit-3 does not have any 








effect on the interrupt output ). The three state interrupt 








output is selected when this pin is left open or connected to 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 








GND and MCR bit-3 is set to "1 ". 


A2 


32 


I 


Address select line 2. To select internal registers. 


A1 


33 


I 


Address select line 1 . To select internal registers. 


AO 


34 


I 


Address select line 0. To select internal registers. 


INTA-B 
INT C-D 

RTS* A-B 
RTS* C-D 

DTR* A-B 
DTR* C-D 


15,21 
49,55 

14,22 
48,56 

12,24 
46,58 


O 
O 




Interrupt output, (active high) This pin goes high (when 
enabled by the interrupt enable register) whenever a re- 
ceiver error, receiver data available, transmitter empty, or 
modem status condition flag is detected. 

Request to send, (active low) To indicate that the transmit- 
ter has data ready to send. Writing a "1" in the modem 
control register (MCR bit-1 ) will set this pin to a low state. 
Afterthe reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion. 

Data terminal ready, (active low) To indicate that 
ST16C454 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1 " atthe MCR bit-Owill set the DTR* output to low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset . Note that this pin does not have 
any effect on the transmit or receive operation. 


RESET 


37 


I 


Master reset, (active high) A high on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CTS* A-B 
CTS* C-D 

DSR* A-B 
DSR*C-D 


11,25 
45,59 

10,26 
44,60 


I 

I 


Clear to send, (active low) The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR BIT-4. CTS* has no effect on the transmit 
or receive operation. 

Data set ready, (active low) A low on this pin indicates the 
MODEM is ready to exchange data with UART. This pin 
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SYMBOL DESCRIPTION 



Symbol 




Signal Type 


Pin Description 








does not have any effect on the transmit or receive opera- 








tion. 


CD* A-B 


9,27 






CD* C-D 


43,61 


I 


Carrier detect, (active low) A low on this pin indicates the 
carrier has been detected by the modem. 


Rl* A-B 


8,28 






Rl* C-D 


42,62 


I 


Ring detect indicator, (active low) A low on this pin indicates 
the modem has received a ringing signal from telephone 
line. 


VCC 


13,30 






VCC 


47,64 


I 


Power supply input. 



PROGRAMMING TABLE 



A2 


A1 


1:11111 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Interrupt Enable Register 





1 





Interrupt Status Register 







1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 
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ST16C454 ACCESSIBLE REGISTERS 



A2 A1 AO 


Register 


BIT-7 


BIT-6 


BIT-5 


BIT-4 


BlT-3 


BIT-2 


BIT-1 


BIT-0 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


IER 














modem 
status 
interrupt 


receive 

line 
status 
interrupt 


transmit 
holding 
register 


receive 
holding 
register 


1 


ISR 

















int 
priority 
bit-1 


int 
priority 
bit-0 


int 
status 


1 1 


LCR 


divisor 

latr>h 

laicn 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enaoie 


stop 

Kite 


word 
lengiri 
bit-1 


word 
lengin 
bit-0 


1 


MCR 











loop 
back 


INT 
enable 


Not 
used 


RTS* 


DTR* 


1 1 


LSR 





trans, 
empty 


trans, 
holding 
empty 


break 
interrupt 


framing 
error 


parity 
error 


overrun 
error 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


f 


DLM 


bit-1 5 


bit-14 


bit-13 


bit-12 


bit-11 


bit-10 


bit-9 


bit-8 



DLL and DLM are accessible only when LCR bit-7 is set to "1". 
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REGISTER FUNCTIONAL DESCRIPTIONS 
TRANSMIT AND RECEIVE HOLDING REGISTER 

The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 

On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiver status codes will 
be posted in the Line Status Register. 



PROGRAMMABLE BAUD RATE GENERATOR 

The ST16C454 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-24 MHz and dividing it by any divisor from 1 
to 2ie -1 . The output frequency of the Baudout* is 
equal to 16X of transmission baud rate (Baudout*=16 
x Baud Rate). Customize Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 



INTERRUPT ENABLE REGISTER (IER) 

The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 

IER BIT-0: 

0=disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 



IER BIT-1: 

0=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 

IER BIT-2: 

0=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 

IER BIT-3: 

0=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 

IER BIT 7-4: 

All these bits are set to logic zero. 



INTERRUPT STATUS REGISTER (ISR) 

The ST16C454 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Interrupt Status Regis- 
ter (ISR) provides the source of the interrupt in priori- 
tized matter. During the read cycle the ST16C454 
provides the highest interrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized interrupt levels: 



Priority level 



p 


D2 


1111 


111! 


Source of the interrupt 


1 


1 


1 





LSR (Receiver Line Status 










Register) 


2 


1 








RXRDY (Received Data 










Ready) 


3 





1 





TXRDY( Transmitter Holding 










Register Empty) 


4 











MSR (Modem Status Regis- 










ter) 



ISR BIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 

1=no interrupt pending. 
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ISRBIT1-2: 

Logical combination of these bits, provides the high- 
est priority interrupt pending. 

ISR BIT 3-7: 

These bits are not used and are set to "0". 



LINE CONTROL REGISTER (LCR) 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCR BIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 



BIT-1 


IHHil 


Word length 








5 





1 


6 


1 





7 


1 


1 


8 



LCR BIT-2: 

The number of stop bits can be specified by this bit. 



BIT-2 


Word length 


Stop bit(s) 





5,6,7,8 


' 1 


1 


5 


1-1/2 


1 


6,7,8 


2 



LCRBIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 



LCRBIT-4: 

If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 

0=ODD parity is generated by forcing an odd number 
of 1 's in the transmitted data, receiver also checks for 
same format. 

1 = EVEN parity bit is generated by forcing an even the 
number of 1 's in the transmitted data, receiver also 
checks for same format. 

LCR BIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 

LCR BIT-6: 

Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
0=normal operating condition. 
1 =forces the transmitter output (TX) to go low to alert 
the communication terminal. 

LCR BIT-7: 

The internal baud rate counter latch enable (DLEN). 
0=normal operation. 
1=select divisor latch register. 

MODEM CONTROL REGISTER (MCR) 

This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCR BIT-0: 

0=force DTR* output to high. 
1 =force DTR* output to low. 

MCR BIT-1: 

0=force RTS* output to high. 
1 =force RTS* output to low. 

MCR BIT-2: 

Not used except, in internal loop-back mode. 
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MCR BIT-3: 

0=set INT output pin to three state mode. 
1=set INT output pin to normal operating mode. 

MCR BIT-4: 

O=normal operating mode. 

1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) , CTS*, DSR*, CD*, and Rl*are 
disabled. Internally the transmitter output is con- 
nected to the receiver input and DTR*, RTS*, MCR 
bit-2 and INT enable are connected to modem control 
inputs. 

In this mode , the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
now the lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER . 



MCR BIT 5-7: 

Not used. Are set to zero permanently. 



LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 

LSR BIT-O: 

0=no data in receive holding register 

1=data has been received and saved in the receive 

holding register. 

LSRBIT-1: 

0=no overrun error (normal). 

1 =overrun error, next character arrived before receive 

holding register was emptied. 

LSR BIT-2: 

0=no parity error (normal). 

1=parity error, received data does not have correct 

parity information. 



LSR BIT-3: 

0=no framing error (normal). 

1=framing error received, received data did not have 

a valid stop bit. In 

LSR BIT-4: 

0=no break condition (normal). 

1=receiver received a break signal (RX was low for 

one character time frame). 

LSR BIT-5: 

retransmit holding register is full. ST16C454 will not 
accept any data for transmission. 
1=transmit holding register is empty. CPU can load 
the next character. 

LSRBIT-6: 

(^transmitter holding and shift registers are full. 
1 transmitter holding and shift registers are empty. 

LSR BIT-7: 

Not used. Set to "0". 



MODEM STATUS REGISTER (MSR) 

This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to T' whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 

MSR BIT-O: 

Indicates that the CTS* input to the ST16C454 has 
changed state since the last time it was read. 

MSRBIT-1: 

Indicates that the DSR* input to the ST16C454 has 
changed state since the last time it was read. 
MSR BIT-2: 

Indicates that the Rl* input to the ST16C454 has 
changed from a low to a high state. 
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MSR BIT-3: 

Indicates that the CD* input to the ST16C454 has 
changed state since the last time it was read. 

MSR BIT-4: 

This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 

MSR BIT-5: 

This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 

MSR BIT-6: 

This bit is equivalent to MCR bit-2 during local loop- 
back mode. It is the compliment of the Rl* input. 

MSRBIT-7: 

This bit is equivalent to INT enable in the MCR during 
local loop-back mode. It is the compliment to the CD* 
input. 

Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 



BAUD RATE GENERATOR PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 



BAUD RATE 


16 x CLOCK 
DIVISOR 


% ERROR 


50 


2304 




75 


1536 




110 


1047 


0.026 


134.5 


857 


0.058 


150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




3600 


32 




4800 


24 




7200 


16 




9600 


12 




19.2K 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 





ST16C454 EXTERNAL RESET CONDITION 



SCRATCHPAD REGISTER (SR) 

ST16C454 provides a temporary data register to store 
8 bits of information for variable use. 



SIGNALS 


RESET STATE 


TXA-D 
RTS* A-D 
DTR* A-D 
INT A-D 


High 
High 
High 

Three state 



REGISTERS 


RESET STATE 


IER 


IER BITS 0-7=0 


ISR 


ISR BIT-0=1, ISR BITS 1-7=0 


LCR 


LCR BITS 0-7=0 


MCR 


MCR BITS 0-7=0 


LSR 


LSR BITS 0-4=0, 




LSR BITS 5-6=1 LSR, BIT 7=0 


MSR 


MSR BITS 0-3=0, 


MSR 


BITS 4-7=input signals 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 





Da rami* tar* 
ral CM Held 




L.IIII1I0 




1 fnitc 
l ilia 


V*UIIUIUUIl9 






Min 


Ti/n 


May 










1 yp 






Ti 


Clock hinh nutep duration 


20 






ns 




T2 


Clock low pulse duration 


20 






ns 




Ts 


Clock rise/fall time 






10 


ns 




Ts 


Chip select setup tirne 


15 






ns 




T 9 


Chip select hold time 









ns 




T12 


Data set up time 


15 






ns 




Tl3 


Data hold time 


15 






ns 




Tu 


IOW* delay from chip select 


10 






ns 




T15 


IOW* strobe width 


50 






ns 




T16 


Chip select hold time from IOW* 









ns 




T17 


Write cycle delay 


55 






ns 




Tw 


Write cycle = Ti5+Ti7 


105 






ns 




T19 


Data hold time 


15 






ns 




T21 


IOR* delay from chip select 


10 






ns 




T23 


I OR* strobe width 


65 






ns 




T24 


Chip select hold time from IOR* 









ns 




T25 


Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 




T26 


Delay from IOR* to data 






35 


ns 


100 pF load 


T28 


Delay from IOW* to output 






50 


ns 


100 pF load 


T29 


Delay to set interrupt from MODEM 






70 


ns 


100 pF load 




input 












T30 


Delay to reset interrupt from IOR* 






70 


ns 


100 pF load 


T31 


Delay from stop to set interrupt 






iRclk 


ns 


100 pF load 


T32 


Delay from IOR* to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 


8 




24 


* 






start 












T34 


Delay from stop to interrupt 






100 


ns 




T35 


Delay from IOW* to reset interrupt 






175 


ns 




T44 


Delay from stop to set RxRdy 






1rclk 






T45 


Delay from IOR* to reset RxRdy 






1 


\iS 




T46 


Delay from IOW* to set TxRdy 






195 


ns 




T47 


Delay from start to reset TxRdy 






8 


* 




N 


Baud rate devisor 


1 




216-1 







Note 1 : * = Baudout* cycle 
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ABSOLUTE MAXIMUM RATINGS 



Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



7 Volts 

GND-0.3 V to VCC+0.3 V 
0° C to +70° C 
-40° C to +150° C 
500 mW 



DC ELECTRICAL CHARACTERISTICS 

T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














VlLCK 


Clock input low level 


-0.5 




0.6 


V 




VlHCK 


Clock input high level 


3.0 




VCC 


V 




VlL 


Input low level 


-0.5 




0.8 


V 




VlH 


Input high level 


2.2 




VCC 


V 




Vol 


Output low level on all outputs 






0.4 


V 


Iol= 6 mA 


Voh 


Output high level 


2.4 






V 


Ioh= -6 mA 


Ice 


Avg. power supply current 






6 


mA 




IlL 


Input leakage 






±10 


\xA 




ICL 


Clock leakage 






±10 


\xA 





This product can operate in 3.0 Volts environment. Please consult with factory for additional information. 



3-68 



ST16C454 



c/> 

H 




CLOCK PERIOD CLOCK PERIOD 161450-CK-1 
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MODEM TIMING 
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RECEIVE TIMING 



RX 



INTx 



IOR* 



START BIT 
H 

W- 



DO 



DATA BITS (5-8) 



D1 



D2 



D3 



D4 



D5 



5 DATA BITS 



D6 



6 DATA BITS 



STOP BIT 



7 DATA BITS 




16 BAUD RATE CLOCK 



162450-RX-1 
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TRANSMIT TIMING 



TX 



INTx 



IOW* 



START BIT 
H 



DATA BITS (5-8) 



STOP BIT 



DO 



\__ 



D1 



D2 



D3 



D4 



D5 



D6 



5 DATA BITS 



I — "\ 



07 



\4- 



6 DATA BITS 



T33 



7 DATA BITS 



PARITY BIT 



NEXT 
DATA 
START BIT 



-W K- T34 

1 I 



1 1 



I I 

T35 -W N- 

I 



16 BAUD RATE CLOCK 



162450-TX-1 



3-73 



ST16G454 



O 

CD 
P 



3-74 



STARTECH ST68C454 

An EXf4RCompany Printed August 3, 1995 

QUAD ASYNCHRONOUS RECEIVER AND TRANSMITTER 



DESCRIPTION 



The ST68C454 is a quad universal asynchronous 
receiver and transmitter with modem control signals. 
Designed to interface with MOTOROLA, 
ROCKWELL, HITACHI bus and other popular micro- 
processors. An internal programmable baud rate gen- 
erator is provided to select transmit and receive clock 
rates from 50Hz to 1 .5 MHz. 
The ST68C454 is an improved, quad version of the 
NS16450 UART with faster operating access time. 
The on board status registers will provide the error 
conditions, type and status of the transfer operations 
being performed. Complete MODEM control capabil- 
ity, and a processor interrupt system that may be 
software tailored to the user's requirements to mini- 
mize the computing required to handle the communi- 
cations link. 

The ST68C454 is fabricated in an advanced 1.2u. 
CMOS process to achieve low drain power and high 
speed requirements. 



PLCC Package 



dsra* fro" 

CTSA" 
DTRA" 

VCC |~13~ 
RTSA* [IT 

irq' Qr 

cs' [uF 

TXA fj7 

RAV" rjr 

TXB [TiT 

A3 fio" 

N.C 
RTSB' 

GND [23~ 

DTRB* [JT 

CTSB* IjkT 

DSRB* [IT 



RRRRRRRRI»l|sll«ll»ll»ll»ll«1|sl 



o 



ST68C454CJ68 



[sjHi5it?jfcj^]ywwwywyi?jiiJi«jw 

8 s 2 n * * * ^ 8 z z § i s j 



FEATURES 



• Motorola, Rockwell, Hitachi bus compatible 
•Quad ST16C450 

• Modem control signals (CTS*,RTS*, DSR*, DTR*, 
Rl*, CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

• Status report register 

• TTL compatible inputs, outputs 

• 460.8 kHz transmit/receive operation with 7.372 
MHz external clock source 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST68C454CJ68 PLCC 0° C to +70° C 

ST68C454IJ68 PLCC -40° C to +85° C 



Rev. 1.0 
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BLOCK DIAGRAM 



D0-D7 

RfW* 
RESET* 



A0-A4 
CS* 



IRQ* 




Transmit 




Transmit 


Holding 




Shift 


Register 




Register 



Clock 
& 

Baud Rate 
Generator 





Receive 




Receive 




Holding 




Shift 




Register 




Register 



Modem 
Control 
Logic 



TXx 



RXx 



DTRx*,RTSx* 

CTSx* 
RIx* 
CD*x 
DSRx* 



3-76 



ST68C454 



SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


D7-D0 


5-66 


I/O 


Bi-directional data I/O. Eight bit, three state data bus to 








transfer information to or from the CPU. DO is the least 








significant bit of the data bus and the first serial data bit to 








be received or transmitted. 


RXA/B 


7,29 






RX C/D 


41,63 


I 


Serial data input . The serial information received from 








MODEM or RS232 to ST68C454 receive circuit. A mark 








(high) is logic one and a space (low) is logic zero. During the 








local loopback mode the RX input is disabled from external 








connection and connected to the TX output internally. 


TXA/B 


17,19 






TX C/D 


51 ,53 


o 


Serial data output A. The serial data of channel A is 








transmitted via this pin with additional start , stop and parity 








bits. The TX will be held in mark (high) state during reset, 








local loopback mode or when the transmitter is disabled. 


CS* 


16 


I 


Chip select (active low). A low at this pin will enable the 








UART A-D CPU data transfer operation. 


XTAL1 


35 


I 


Crystal input 1 or external clock input. A crystal can be 








connected to this pin and XTAL2 pin to utilize the internal 








oscillator circuit. An external clock can be used to clock 








internal circuit and baud rate generator for custom transmis- 








sion rates. 


XTAL2 


36 


o 


Crystal input 2. See XTAL1 . 


R/W* 


18 


I 


Read/Write strobe. A low on this pin will transfer the 








contents of the CPU data bus to the addressed register. A 








high on this pin will transfer the contents of the ST68C454 








data bus to the CPU. 


CD* A/B 


9,27 






CD* C/D 


43,61 


I 


Carrier detect A-D (active low). A low on this pin indicates 








that carrier has been detected by the modem. 


GND 


6,23,31 






GND 


40,57 


o 


Signal and power ground. 


DSR* A/B 


10,26 






DSR* C/D 


44,60 


I 


Data set ready A-D. (active low) A low on this pin indicates 








that MODEM is ready to exchange data with UART. 
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Symbol 


Pin 


Signal Type 


Pin Description 


RI*A/B 
RI*C/D 

RTS* A/B 
RTS* C/D 

CIS A/d 
CTS* C/D 


8,28 
42,62 

14,22 
48,56 

1 1 ,25 
45,59 


I 

O 
I 


Ring detect A-D indicator . (active low) A low on this pin 
indicates that modem has received a ringing signal from 
telephone line. 

Request to send A-D. (active low) To indicate that transmit- 
ter has data ready to send. Writing a "1" in the modem 
control register (MCR bit-1 ) will set this pin to low state. 
After the reset this pin will be set to high. 

Clear to send A-D. (active low) The CTS* signal s a 
MODEM control function input whose conditions can be 
tested by reading the MSR BIT-4. CTS* has no effect on the 
transmitter output. 


A4 


50 




Address line 4. To select one of the four UARTS. 


A3 


20 




Address line 3. To select one of the four UARTS. 


A2 


32 




Address line 2. To select internal registers. 


A1 


33 




Address line 1. To select internal registers. 


AO 


34 




Address line 0. To select internal registers. 


IRQ* 

DTR* A/B 
DTR* C/D 


15 

12,24 
46,58 


o 
o 


Interrupt output, (active low open collector) This pin goes 
low (when enabled by the interrupt enable register) when- 
ever a receiver error, receiver data available, transmitter 
empty or modem status condition flag is detected on UART 
A-D. 

Data terminal ready A-D. (active low) To indicate that 
ST68C454 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1 " at the MCR bit-0 will setthe DTR* output to low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset. 


RESET* 


37 


1 


Master reset, (active low) A low on this pin will reset all the 
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Symbol 


Pin 


Signal Type 


Pin Description 


VCC 

vcc 


13,30 
47,64 


I 


outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 

Power supply input. 



SERIAL PORT SELECTION GUIDE 



lllllii 


A4 


A3 


UARTX 


1 


X 


X 


X 











UART A 








1 


UART B 





1 





UART C 





1 


1 


UART D 
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PROGRAMMING TABLE 



A2 


A1 


AO 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Interrupt Enable Register 





1 





Interrupt Status Register 







1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 



REGISTER FUNCTIONAL DESCRIPTIONS 

TRANSMIT AND RECEIVE HOLDING REGISTER 
A-D 

The serial transmitter section consists of a Transmit 
Hold Register A-D and Transmit Shift Register A-D. 
The status of the transmit hold register is provided in 
the Line Status Register A-D. Writing to this register 
will transferthe contents of the data bus (D7-D0) to the 
transmit holding register A-D whenever the transmit- 
ter holding register A-D ortransmittershift register A- 
D is empty. The transmit holding register empty A-D 
flag will be set to "1 " when the transmitter is empty or 
data is transferred to the transmit shift register A-D. 
Note that a write operation should be performed when 
the transmit holding register empty flag is set. 
On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX A-D is still low at the mid-bit sample of the 
start bit. Verifying the start bit prevents the receiver 
from assembling a false data character due to a low 
going noise spike on the RX A-D input. Receiver status 
codes will be posted in the Line Status Register A-D. 

PROGRAMMABLE BAUD RATE GENERATOR 

The ST68C454 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-24 MHz and dividing it by any divisor from 1 



to 2ie -1 . Customize Baud Rates can be achieved by 
selecting proper divisor values for MSB and LSB of 
baud rate generator. 



INTERRUPT ENABLE REGISTER A-D 

The Interrupt Enable Register A-D masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the IRQ* 
output pin. 

IER BIT-0: 

0=disable the receiver ready interrupt 
1=enable the receiver ready interrupt 

IERBIT-1: 

0=disable transmitter empty interrupt 
1 =enable transmitter empty interrupt 

IERBIT-2: 

0=disable receiver line status interrupt 
1=enable receiver line status interrupt 

IER BIT-3: 

0=disable the modem status register interrupt 
1=enable the modem status register interrupt 



3-80 



ST68C454 



c/> 

H 
O) 
00 

O 



IER BIT 7-4: 

All these bits are set to logic zero. 

INTERRUPT STATUS REGISTER A-D 

The ST68C454 provides four level prioritized interrupt 
conditions to minimize software overhead during data 
character transfers. The Interrupt Status Register A- 
D provides the source of the interrupt in prioritized 
manner. During the read cycle, the ST68C454 pro- 
vides the highest interrupt level to be serviced by the 
CPU. No other interrupts are acknowledged until the 
particular interrupt has been serviced. The following 
are the prioritized interrupt levels: 



p 


D3 


D2 


D1 


DO 


Source of the interrupt 


1 





1 


1 





LSR (Receiver Line Sta- 












tus Register) 


2 





1 








RXRDY (Received Data 












Ready) 


3 








1 





TXRDY( Transmitter 












Holding Register Empty) 


4 














MSR (Modem Status 












Register) 



ISR BIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine 

1=no interrupt pending 
ISR BIT 1-2: 

Logical combination of these bits, provides the high- 
est priority interrupt pending. 

ISR BIT 3-7: 

These bits are not used and are set zero. 



LINE CONTROL REGISTER A-D 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 



ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCRBIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 

00=5 bits word length 
01=6 bits word length 
10=7 bits word length 
11=8 bits word length 



LCR BIT-2: 

The number of stop bits can be specified by this 
bit. 

0=1 stop bit , when word length=5, 6, 7, 8 bits 
1=1 and 1/2 stop bit , when word length=5 bits 
1=2 stop bits, word length=6, 7, 8 bits 

LCR BIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission; 
receiver also checks for received parity 

LCR BIT-4: 

If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 

0=odd parity is generated by calculating odd number 
of 1 's in the transmitted data; receiver also checks for 
same format. 

1=an even parity bit is generated by calculating the 
number of even 1 's in the transmitted data; receiver 
also checks for same format. 

LCR BIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 
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LCRBIT-6: 

Break control bit. 

1 =forces the transmitter output (TX A-D) to go low to 
alert the communication terminal 
0=normal operating condition 

LCR BIT-7: 

The internal baud rate counter latch enable (DLEN). 
0=normal operation 
1=select divisor latch register 

MODEM CONTROL REGISTER A-D 

This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCR BIT-0: 

0=force DTR* output to high 
1 =force DTR* output to low 

MCRBIT-1: 

0=force RTS* output to high 
1 =force RTS* output to low 

MCR BIT2-3: 

x=not used 

MCR BIT -4: 

0=normal operating mode 

1=enable local loop-back mode (diagnostics). The 
transmitter output (TX A-D) is set high (Mark condi- 
tion), the Receiver inputs (RXA-D , CTS* A-D, DSR* 
A-D, CD* A-D, and Rl* A-D) are disabled. Internally, 
the transmitter output is connected to the receiver 
input and DTR* A-D, RTS* A-D and MCR A-D bit2,3 
are connected to modem control inputs. In this mode 
, the receiver and transmitter interrupts are fully 
operational. The Modem Control Interrupts are also 
operational, but the interrupt sources are now the 
lowerfour bits of the Modem Control Register instead 
of the four Modem Control Inputs. The interrupts are 
still controlled by the IER A-D. 

MCR BIT 5-7: 

Not used. Are set to zero permanently. 



LINE STATUS REGISTER A-D 

This register provides the status of data transfer to 
CPU. 

LSR BIT-0: 

0=no data in receive holding register 

1=a data has been received and saved in the receive 

holding register 

LSRBIT-1: 

0=no overrun error (normal) 
1=overrun error, next character arrived before re- 
ceive holding register was empty 

LSRBIT-2: 

0=no parity error (normal) 

1=parity error, received data does not have correct 
parity information 

LSRBIT-3: 

0=no framing error (normal) 

1=framing error received, received data did not have 

a valid stop bit 

LSR BIT-4: 

0=no break condition (normal) 

1=receiver received a break signal (RX was low for 

one character time frame) 

LSRBIT-5: 

0=transmit holding register is full; ST68C454 will not 
accept any data for transmission 
1 transmit holding register is empty; CPU can load 
the next character 

LSRBIT-6: 

(^transmitter holding and shift registers are full 
1 transmitter holding and shift registers are empty 

LSR BIT-7: 

Not used, set to "0". 

MODEM STATUS REGISTER A-D 

This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
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information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 

MSR BIT-0: 

Indicates that the CTS* input to the ST68C454 has 
changed state since the last time it was read. 

MSR BIT-1: 

Indicates that the DSR* input to the ST68C454 has 
changed state since the last time it was read. 

MSR BIT-2: 

Indicates that the Rl* input to the ST68C454 has 
changed from a low to a high state. 

MSR BIT-3: 

Indicates that the CD* input to the ST68C454 has 
changed state since the last time it was read. 

MSR BIT-4: 

This bit is equivalent to RTS in the MCR. It is the 
compliment of the CTS* input. 

MSR BIT-5: 

This bit is equivalent to DTR in the MCR. It is the 
compliment of the DSR* input. 

MSR BIT-6: 

This bit is equivalent to MCR bit-2 during local loop- 
back mode. It is the compliment of the Rl* input. 

MSR BIT-7: 

This bit is equivalent to MCR bit-3 during local loop- 
back mode. It is the compliment to the CD* input. 

SCRATCHPAD REGISTER A-D 

ST68C454 provides a temporary data register to store 
8 bits of information for variable use. 



BAUD RATE GENERATOR PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 



BAUD RATE 


16xCLOCK 
%ERROR 


DVISOR 


50 


2304 




75 


1536 




150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




4800 


24 




7200 


16 




9600 


12 




19.2 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 





ST68C454 EXTERNAL RESET CONDITION 



REGISTERS 


RESET STATE 


IER A-D 


BITS 0-7=0 


ISR A-D 


BIT-0=1, BIT-7=0 


LCR A-D 


BITS 0-7=0 


MCR A-D 


BITS 0-7=0 


LSR A-D 


BITS 0-4=0, BITS 5-6=1, BIT- 




7=0 


MSR A-D 


BITS 0-3=0, BITS 4-7= input 




signals 



SIGNALS 


RESET STATE 


TX A-D 
RTS A-D* 
DTR A-D* 
IRQ 


High 
High 
High 

Three state mode 
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ST68C454 ACCESSIBLE REGISTERS 



A2A1 AO 


Register 


BIT-7 


BIT-6 


BIT-5 


BIT-4 


BIT-3 


BIT-2 


BIT-1 


BIT-0 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


1 r— r— i 

IER 














modem 
status 
interrupt 


receive 

line 
status 
interrupt 


transmit 
holding 
register 


receive 
holding 
register 


1 


ISR 














int 
priority 
bit-2 


int 
priority 
bit-1 


int 
priority 
bit-0 


int 
status 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 


1 


MCR 











loop 
back 


Not 
used 


Not 
used 


RTS* 


DTR* 


1 1 


LSR 





trans, 
empty 


trans. 

holding 

empty 


break 
interrupt 


framing 
error 


parity 
error 


overrun 
error 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


f 


DLM 


bit-15 


bit-14 


bit-13 


bit-12 


bit-11 


bit-10 


bit-9 


bit-B 



DLL and DLM are accessible only when LCR bit-7 is set to "1". 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, VCC=3.3 - 5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 


Mm 


• 

Limits 
Typ 


Max 


units 


Conditions 


T 

I 1 


Clock high pulse duration 


on 
ZU 






ns 




l2 


Clock low pulse duration 


on 
20 






ns 




T 

I 3 


Clock rise/fall time 






1 U 


ns 




I 8 


Chip select setup time 


c 







ns 




T 9 


Chip select hold time 









ns 




1 12 


Uala oclUp III Tic 


I O 






ns 




I 13 


uaia noia nme irom wnie or 









ns 




I 14 


Write set up time 


\ u 






ns 




Tl5 


Write strobe width 


50 






ns 




I 16 


Chip select hold time from write 


■i c 
10 






ns 




I 17 


VVlllc CyUie delay 








ns 




Tl8 


Data setup time 


15 






ns 




1 W 


wnie cycie— 1 15+ 1 17 


\ UD 






ns 




T24 


Data hold time 









ns 




T25 


Read cycle delay 


25 






ns 




Tr 


Read cycle=Tis+T25 


105 






ns 




T27 


Chip select pulse width 


75 






ns 




T28 


Delay from Write to output 






50 


ns 


100 pF load 


T29 


Delay to set interrupt from MODEM 
input 






35 


ns 


100 pF load 


T31 


Delay from stop to set interrupt 






iRclk 


ns 


100 pF load 


T 32 


Delay from Read to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial IRQ* reset to 
transmit start 


8 




24 


* 




T34 


Delay from stop to interrupt 






100 


ns 




T35 


Delay from Write to reset interrupt 






75 


ns 





* = Baudout* cycle 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



7 Volts 

GND-0.3 V to VCC+0.3 V 
0° C to +70° C 
-40° C to +150° C 
500 mW 



DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=3.3 - 5.0 V ±10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 
















VlLCK 


Clock input low level 


-0.5 




0.6 


V 




VlHCK 


Clock input high level 


3.0 




VCC 


V 




VlL 


Input low level 


-0.5 




0.8 


V 




VlH 


Input high level 


2.2 




VCC 


V 




Vol 


Output low level 






0.4 


V 


Iol= 6 mA on all 














outputs 


Voh 


Output high level 


2.4 






V 


Ioh= -6 mA 


Ice 


Avg. power supply 




6 


12 


mA 






current 












IlL 


Input leakage 






±10 


\xA 




ICL 


Clock leakage 






±10 






VlLCK 


Clock input low level 


-0.3 




0.8 


V 


Vcc=3.0 V 


VlHCK 


Clock input high level 


2.4 




VCC 


V 


Vcc=3.0 V 


VlL 


Input low level 


-0.3 




0.8 


V 


Vcc=3.0 V 


VlH 


Input high level 


2.0 




VCC 


V 


Vcc=3.0 V 


Vol 


Output low level on all outputs 






0.4 


V 


Vcc=3.0 V, Iol= 














8.5 mA 


Voh 


Output high level 


2.0 






V 


Vcc=3.0 V, Ioh= -4 














mA 


Ice 


Avg power supply current 




10 


12 


mA 


Vcc=3.0 V 
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CLOCK TIMING 



EXTERNAL 
CLOCK 




N ►N- H 10 

CLOCK PERIOD CLOCK PERIOD 161450-CK-1 



GENERAL READ TIMING 



A0-A4 



CS* 



R/W* 



D0-D7 




8454-RD-1 
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MODEM TIMING 
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00 
CD 
h- 



RECEIVE TIMING 



RX 



IRQ* 



CS* 



START BIT 
H 



DATA BITS (5-8) 



STOP BIT 



DO 



D1 



D2 



D3 



D4 



D5 D6 



\4- 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 




PARITY BIT 



NEXT 
DATA 
START BIT 

< T31 



T32 k H 



16 BAUD RATE CLOCK 



68454-RX-1 
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TRANSMIT TIMING 



TX 



IRQ* 



R/W* 



START BIT 
H 



DATA BITS (5-8) 



STOP BIT 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



5 DATA BITS 



/ — "\ 



D7 



6 DATA BITS 



7 DATA BITS 



->| |<- T33 



PARITY BIT 



NEXT 
DATA 
START BIT 



->\ W- T34 




16 BAUD RATE CLOCK 



68454--TX-1 
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^ STARTECH ST16C1551/1552 

An Xf EX^IRCompany Printed August 3, 1995 

UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs 



DESCRIPTION 



The ST16C1 550/51/52 is a universal asynchronous 
receiver and transmitter with 16 byte transmit and 
receive FIFO. A programmable baud rate generator is 
provided to select transmit and receive clock rates 
from 50Hz to 448kHz. 

The ST16C1 550/51/52 is an improved version of the 
SSI 73M1550 and SSI 73M2550 UART with higher 
operating speed and lower access time. The 
ST1 6C1 550/51/52 on board status registers provides 
the error conditions, type and status of the transfer 
operation being performed. Included is complete 
MODEM control capability, and a processor interrupt 
system that may be software tailored to the user's 
requirements. The ST16C1 550/51/52 provides inter- 
nal loop-back capability for on board diagnostic test- 
ing. 

The ST16C1 550/51/52 is fabricated in an advanced 
1 .2\x CMOS process to achieve low drain power and 
high speed requirements. 



D4 [j5 

D5 |jT 

D6 [T 

D7 \JT 

RX [T 

TX |jo 

cs* [17 



PLCC Package 
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ST16C1550CJ28 



25 I CTS* 
~24~l RESE 
~2Z] DTR* 
~22] RTS* 
~21~1 AO 
~20~1 A1 
~19~| A2 



FEATURES 



• Pin to pin and functional compatible to SSI 
73M 1550/2550 

• 16 byte transmit FIFO 

• 16 byte receive FIFO with error flags 

• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl*. CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

• Software compatible with INS8250, NS16C550 

• 460.8 kHz transmit/receive operation with 7.372 
MHz crystal or external clock source 



ORDERING INFORMATION 



Part number 

ST16C1550CP28 

ST16C1550CJ28 

ST16C1550CQ48 

ST16C1551CP28 

ST16C1551CJ28 

ST16C1551CQ48 

ST16C1552CQ52 



Package Operating temperature 



Plastic-DIP 

PLCC 

TQFP 

Plastic-Dip 

PLCC 

TQFP 

QFP 



to + 70° C 
to + 70° C 
to + 70° C 
to + 70° 
to + 70° 
to + 70° 
to + 70° 



' C 
' C 
' C 
' C 



Industrial operating range are available 
Rev. 1.0 



D4 \J[_ 

D5 [jT 

D6 \T_ 

D7 \Y 

RX \T 

TX |jo 

cs* rrr 



mm 



o 



ST16C1551CJ28 



~25] CTS* 
"241 RESE 
23 | DTR* 
~22~| RTS* 
~2T| AO 
~20] A1 
IsTI A2 
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o Q 
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ST16C1550 BLOCK DIAGRAM 



D0-D7 
IOR* 
IOW* 
RESET 



A0-A2 
CS* 



INT 



.a 

-3 §» 

3^ 



_ £ .a 

5 § ^ 

^ 

JS O M 



<=3 



Transmit 

FIFO 
Registers 



C 



3 



i 



Clock 
& 

Baud Rate 
Generator 



Transmit 

Shift 
Register 





Receive 




Receive 




FIFO 


<= 


Shift 


! 


Registers 




Register 



Modem 
Control 
Logic 



TX 



RX 



DTR*,RTS* 

CTS* 
RI* 
CD* 
DSR* 
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ST16C1551 BLOCK DIAGRAM 



D0-D7 
IOR* 
WW* 
RESET 



A0-A2 
CS* 



INT 



* a* 



-a .« 



3 



a 



•S3 

.1 

^ l 



a 



Transmit 

FIFO 
Registers 



Receive 
FIFO 
Registers 



Clock 
& 

Baud Rate 
Generator 



Transmit 

Shift 
Register 



Receive 

Shift 
Register 



Modem 
Control 
Logic 



TX 



RX 



DTR*RTS* 
RST 

CTS* 
RI* 
CD* 
DSR* 
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CO 



Symbol 


Pin 
28 28 


Signal Type 


Pin Description 


D0-D7 


1-8 


1-8 


I/O 


Bi-directional data bus Eiaht bit thrpe state data bu<; to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RX 


9 


9 


I 


Serial data input. The serial information (data) received 
from serial port to ST16C155X receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
local loopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


TX 


10 


10 


o 


Serial data output. The serial data is transmitted via this pin 
with additional start , stop and parity bits. The TX will be held 
in mark (high) state during reset, local loopback mode or 
when the transmitter is disabled. 


CS* 


11 


11 


I 


Chip select (active low). A low at this pin enables the 
ST16C155X / CPU data transfer operation. 


XTAL1 


12 


- 


I 


Crystal input 1 or external clock input. A crystal can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generatorforcustom transmis- 
sion rates. 


CLK 




12 


I 


External clock input. An external clock can be used to clock 
internal circuit and baud rate generatorforcustom transmis- 
sion rates. 


XTAL2 


13 




o 


Crystal input 2 or buffered clock output. See XTAL1 . 


IOW* 


14 


13 


I 


Write strobe (active low). A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


GND 


15 


14 


o 


Signal and power ground. 


IOR* 


16 


15 


I 


Read strobe (active low). A low level on this pin transfers 
the contents of the ST16C155X data bus to the CPU.. 


Rl* 


17 


16 


I 


Ring detect indicator (active low). A low on this pin indicates 
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SYMBOL DESCRIPTION ( ST16C1550 - ST16C1551 ) 



Symbol 


Pin 
28 28 


Signal Type 


Pin Description 










the modem has received a ringing signal from telephone 
line. 


RST 




1 / 


o 


Reset output (active high). The ST16C1551 provides a 
buffered reset output which is gated internally with MCR bit- 
2. 


INT 


18 


18 


o 


Interrupt output, (three state / active high) This pin goes high 
(when enabled by the interrupt enable register) whenever a 
receiver error, receiver data available, transmitter empty, 
or modem status condition flag is detected. 


A0-A2 


21-19 


21-19 


I 


Address select line. To select internal registers. 


RTS* 


22 


22 


o 


Request to send (active low). To indicate that the transmit- 
ter has data ready to send. Writing a "1" in the modem 
control register (MCR bit- 1 ) will set this pin to a low state. 
Afterthe reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion. 


DTR* 


23 


23 


o 


Data terminal read (active low). To indicate that 
ST16C155X is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1 " atthe MCR bit-0 will set the DTR*outputto low. 
This pin will be set to high state after writing a "0" to that 
register or afterthe reset. Note that this pin does not have 
any effect on the transmit or receive operation. 


RESET 


24 


24 


I 


Master reset (active high). A high on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CTS* 


25 


25 


I 


Clear to send (active low). The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR bit-4. CTS* has no effect on the transmit 
or receive operation. 


DSR* 


26 


26 


I 


Data set ready (active low). A low on this pin indicates the 
MODEM is ready to exchange data with UART. This pin 
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SYMBOL DESCRIPTION ( ST16C1550 - ST16C1551 ) 



Symbol 


Pin 
28 28 


Signal Type 


Pin Description 










does not have any effect on the transmit or receive opera- 
tion. 


CD* 


27 


27 


I 


Carrier detect (active low). A low on this pin indicates the 
carrier has been detected by the modem. 


VCC 


28 


28 


I 


Power supply input. 



All unused input pins should be tied to VCC or GND. 



PROGRAMMING TABLE 



A2 


A1 


AO 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Interrupt Enable Register 





1 





Interrupt Status Register 


FIFO Control Register 





1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 
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A2A1 AO 


Register 




BIT-6 


BIT-5 


BIT-4 


BIT-3 


BIT-2 


BIT-1 


BIT-0 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


IER 








0/ 
special 
mode 





modem 
status 
interrupt 


receive 

line 
status 
interrupt 


transmit 
holding 
register 


receive 
holding 
register 


1 


FCR 


RCVR 
trigger 
(MSB) 


RCVR 
trigger 
(LSB) 


0/TX 
trigger 
(MSB) 


0/TX 
trigger 
(LSB) 


DMA 
mode 
select 


XMIT 
FIFO 
reset 


RCVR 
FIFO 
reset 


FIFO 
enable 


1 


ISR 


0/ 
FIFOs 
enabled 


0/ 
FIFOs 
enabled 


0/ 

RXRDY 


0/ 

TXRDY 


int 
priority 
bit-2 


int 
priority 
bit-1 


int 
priority 
bit-0 


int 
status 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 


1 


MCR 


0/power 
down 








loop 
back 


INT 
enable 


SOFT 
reset 


RTS* 


DTR* 


1 1 


LSR 


0/ 
FIFO 
error 


trans, 
empty 


trans, 
holding 
empty 


break 
interrupt 


framing 
error 


parity 
error 


overrun 
error 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


DLM 


bit-15 


bit-14 


bit-13 


bit-12 


bit-11 


bit-10 


bit-9 


bit-S 



DLL and DLM are accessible only when LCR bit-7 is set to "1". 
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REGISTER FUNCTIONAL DESCRIPTIONS 
TRANSMIT AND RECEIVE HOLDING REGISTER 

The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 

On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiver status codes will 
be posted in the Line Status Register. 



FIFO INTERRUPT MODE OPERATION 

When the receive FIFO (FCR BIT-0=1) and receive 
interrupts (IER BIT-0=1) are enabled, receiver inter- 
rupt will occur as follows: 

A) The receive data available interrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will be cleared as soon as the 
FIFO drops below its programmed trigger level. 

B) The I SR receive data available indication also 
occurswhen the FIFOtrigger level is reached, and like 
the interrupt it is cleared when the FIFO drops below 
the trigger level. 

C) The data ready bit (LSR BIT-0) is set as soon as a 
character is transferred from the shift register to the 
receiver FIFO. It is reset when the FIFO is empty. 



FIFO POLLED MODE OPERATION 

When FCR BIT-0=1 - resetting IER BIT 3-0 to zero puts 
the ST16C1 550/51/52 in the FIFO polled mode of 
operation. Since the receiver and transmitter are 
controlled separately either one or both can be in the 
polled mode operation by utilizing the Line Status 
Register. 

A) LSR BIT-0 will be set as long as there is one byte 
in the receive FIFO. 

B) LSR BIT4-1 will specify which error(s) has oc- 
curred. 

C) LSR BIT-5 will indicate when the transmit FIFO is 
empty. 

D) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 

E) LSR BIT-7 will indicate when there are any errors 
in the receive FIFO. 

The ST16C1 550/51/52 requires to have two step 
FIFO enable operation in order to enable receive 
trigger levels. 

PROGRAMMABLE BAUD RATE GENERATOR 

The ST16C1 550/51/52 contains a programmable 
Baud Rate Generator that is capable of taking any 
clock input from DC-24 MHz and dividing it by any 
divisor from 1 to 2ie -1 . The output frequency of the 
Baudout* is equal to 16X of transmission baud rate 
(Baudout*=16 x Baud Rate). Customize Baud Rates 
can be achieved by selecting proper divisor values for 
MSB and LSB of baud rate generator. 



INTERRUPT ENABLE REGISTER (IER) 

The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 
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IER BIT-O: 

0=disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 

IERBIT-1: 

0=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 

IER BIT-2: 

0=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 

IER BIT-3: 

0=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 



Priority level 



p 


D3 


D2 


Dl 


DO 


Source of the interrupt 


1 





1 


1 





LSR (Receiver Line Sta- 












tus Register) 


2 





1 








RXRDY (Received Data 












Ready) 


2* 


1 


1 








RXRDY (Received Data 












time out) 


3 








1 





TXRDY( Transmitter 












Holding Register Empty) 


4 














MSR (Modem Status 












Register) 



IER BIT 4: 

This bit is not used and set to zero. 
IER BIT 5: 

0=disable the ISR bits 4-5 and MCR bit-7. 
1=enable the ISR bits 4-5 and MCR bit-7 function. 

IER BIT 6-7: 

These bits are not used and set to zero. 



*RECEIVE TIME-OUT: 

This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 



INTERRUPT STATUS REGISTER (ISR) 

The ST16C1 550/51/52 provides four level prioritized 
interrupt conditions to minimize software overhead 
during data character transfers. The Interrupt Status 
Register (ISR) provides the source of the interrupt in 
prioritized matter. During the read cycle the 
ST16C1 550/51/52 provides the highest interrupt 
level to be serviced by CPU. No other interrupts are 
acknowledged until the particular interrupt is serviced. 
The following are the prioritized interrupt levels: 



Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40 / 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 

Example -B: If user programs the word length = 7, with 

parity and one stop bit, the time out will be: 

T = 4 X 7 (programmed word length) + 12 = 40 bits 

Character time = 40 / 10 [ (programmed word length 

= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 

characters. 



ISR BIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 

1 =no interrupt pending. 
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ISR BIT 1-2: 

Logical combination of these bits, provides the high- 
est priority interrupt pending. 

ISR BIT 3: 

This bit is used with conjunction of ISR bit 0-2: 
0=normal interrupt mode 

1=receive time-out indicator when priority level is set 
to "2" (D0=0, D1=0, and D2=1) 

ISR bit-4: 

This bit is the compliment of TXRDY* (ST1 6C550) pin 

when IER bit-4 is set to "1". 

0=transmitter is full 

1 transmitter is empty or less than full 

ISRbit-5: 

This bit is the compliment of RXRDY* (ST1 6C550) pin 
when IER biot-4 is set to "1". 
0=receiver is empty. 
1=receiver is not empty 

ISR bit-6-7: 

0=16C450 mode 
1=16C550 mode 



FIFO CONTROL REGISTER (FOR) 

This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 

FCR BIT-0: 

0=Disable the transmit and receive FIFO. 
1=Enable the transmit and receive FIFO. 
This bit should be enabled before setting the FIFO 
trigger levels. 

FCR BIT-1: 

0=No change. 

1 =Clears the contents of the receive FIFO and resets 
its counter logic to (the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 



FCR BIT-2: 
0=No change. 

1 =Clears the contents of the transmit FIFO and resets 
its counter logic to (the transmit shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCR BIT-3: 

0=No change. 

1=Changes RXRDY and TXRDY pins from mode "0" 
to mode "1". 

Transmit operation in mode "0": 
When ST1 6C550 is in ST1 6C450 mode ( FCR bit-0=0 
) or in the FIFO mode ( FCR bit-0=1 , FCR bit-3=0 ) 
when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 

Receive operation in mode "0": 
When ST1 6C550 is in ST1 6C450 mode ( FCR bit-0=0 
) or in the FIFO mode ( FCR bit-0=1 , FCR bit-3=0) and 
there is at least 1 character in the receive FIFO, the 
RXRDY* pin will go low. Once active the RXRDY* pin 
will go high (inactive) when there are no more charac- 
ters in the receiver. 

Transmit operation in mode "1": 
When ST1 6C550 is in FIFO mode ( FCR bit-0=1 , FCR 
bit-3=1 ) the TXRDY* pin will become high (inactive) 
when the transmit FIFO is completely full. It will be low 
if one or more FIFO locations are empty. 

Receive operation in mode "1": 
When ST1 6C550 is in FIFO mode ( FCR bit-0=1 , FCR 
bit-3=1 ) and the trigger level or the timeout has been 
reached, the RXRDY* pin will go low. Once it is 
activated it will go high (inactive) when there are no 
more characters in the FIFO. 

FCR BIT 4-5: 

These bits are used to set the transmit trigger levels. 
See receive FIFO trigger table. 
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FCR BIT 6-7: 

These bits are used to set the trigger level for the 
receiver FIFO interrupt. 



BIT-7 


BIT-6 


FIFO trigger level 








01 





1 


04 


1 





08 


1 


1 


14 



LINE CONTROL REGISTER (LCR) 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCR B1T1-0: 

These two bits specify the word length to be transmit- 
ted or received. 



BIT-1 


liiiiii 


Word length 








5 





1 


6 


1 





7 


1 


1 


8 



LCR BIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 

LCR BIT-4: 

If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 

0=ODD parity is generated by forcing an odd number 
of 1 's in the transmitted data, receiver also checks for 
same format. 

1 = EVEN parity bit is generated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 

LCR BIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 

LCR BIT-6: 

Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
0=normal operating condition. 
1 =forces the transmitter output (TX) to go low to alert 
the communication terminal. 

LCR BIT-7: 

The internal baud rate counter latch enable (DLEN). 
0=normal operation. 
1=select divisor latch register. 



LCR BIT-2: 

The number of stop bits can be specified by this bit. 



BIT-2 


Word length 


Stop bit(s) 





5,6,7,8 


1 


1 


5 


1-1/2 


1 


6,7,8 


2 



MODEM CONTROL REGISTER (MCR) 

This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCR BIT-0: 

0=force DTR* output to high. 
1 =force DTR* output to low. 

MCR BIT-1: 

0=force RTS* output to high. 
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1=force RTS* output to low. 

MCR BIT-2: 

0- normal operation. 

1=software reset, set RST output to high. 



MCR BIT-3: 

0=set INT output pin to three state mode. 
1=set INT output pin to normal operation mode. 

MCR BIT-4: 

0=normal operating mode. 

1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) , CTS*, DSR*, CD*, and Rl* are 
disabled. Internally the transmitter output is con- 
nected to the receiver input and DTR*, RTS*, SOFT 
reset and INT enable are connected to modem control 
inputs. 

In this mode , the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
now the lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER . 



MCR BIT 5-6: 

Not used. Are set to zero permanently. 

MCR bit-7: 
0=normal mode. 

1=powerdown mode. CLK, XTAL1 , XTAL2, and baud 
rate generators are disabled. 



LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. \ 

x 

LSR BIT-0: 

0=no data in receive holding register or FIFO. 

1 =data has been received and saved in the receive 

holding register or FIFO. 



LSR BIT-1: 

0=no overrun error (normal). 
1 =overrun error, next character arrived before receive 
holding register was emptied or if FIFOs are enabled, 
an overrun error will occur only after the FIFO is full 
and the next character has been completely received 
in the shift register. Note that character in the shift 
register is overwritten, but it is not transferred to the 
FIFO. 

LSR BIT-2: 

0=no parity error (normal). 

1=parity error, received data does not have correct 
parity information. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 

LSR BIT-3: 

0=no framing error (normal). 
1 =framing error received, received data did not have 
a valid stop bit. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 

LSR BIT-4: 

0=no break condition (normal). 
1=receiver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character is loaded into the FIFO. 

LSR BIT-5: 

retransmit holding register is full. ST16C1 550/51/52 
will not accept any data for transmission. 
1 transmit holding register (or FIFO ) is empty. CPU 
can load the next character. 

LSR BIT-6: 

0=transmitter holding and shift registers are full. 
1 transmitter holding and shift registers are empty. In 
FIFO mode this bit is set to one whenever the trans- 
mitter FIFO and transmit shift register are empty. 

LSR BIT-7: 

0=Normal. 

1=At least one parity error, framing error or break 
indication in the FIFO. This bit is cleared when LSR is 
read. 
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MODEM STATUS REGISTER (MSR) 

This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 

MSR BIT-0: 

Indicates that the CTS* input to the ST1 6C1 550/51/52 
has changed state since the last time it was read. 

MSR BIT-1: 

Indicates that the DSR* input to the ST16C1 550/51/ 
52 has changed state since the last time it was read. 

MSR BIT-2: 

Indicates that the Rl* input to the ST16C1 550/51/52 
has changed from a low to a high state. 

MSR BIT-3: 

Indicates that the CD* input to the ST16C1 550/51/52 
has changed state since the last time it was read. 

MSR BIT-4: 

This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 

MSR BIT-5: 

This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 

MSR BIT-6: 

This bit is equivalent to SOFT reset in the MCR during 
local loop-back mode. It is the compliment of the Rl* 
input. 

MSR BIT-7: 

This bit is equivalent to INT enable in the MCR during 
local loop-back mode. It is the compliment to the CD* 
input. 



Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 

SCRATCHPAD REGISTER (SR) 

ST1 6C1 550/51 /52 provides a temporary data register 
to store 8 bits of information for variable use. 



BAUD RATE GENERATOR PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 



BAUD RATE 


16 x CLOCK 
DIVISOR 


% ERROR 


50 


2304 




75 


1536 




150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




3600 


32 




4800 


24 




7200 


16 




9600 


12 




19.2K 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 
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ST16C1 550/51/52 EXTERNAL RESET CONDI- 
TION 



REGISTERS 


RESET STATE 


IER 


IER BITS 0-7=0 


ISR 


ISR BIT-0=1, ISR BITS 1-7=0 


LCR 


LCR BITS 0-7=0 


MCR 


MCR BITS 0-7=0 


LSR 


LSR BITS 0-4=0, 




LSR BITS 5-6=1 LSR, BIT 7=0 


MSR 


MSR BITS 0-3=0, 




MSR BITS 4-7=input signals 


FCR 


FCR BITS 0-7=0 



SIGNALS 




TX 


High 


SOFT reset 


High 


RTS* 


High 


DTR* 


High 


INT 


Three state 



52 QFP ST16C1552 



48 TQFP ST16C155X 



5 8 



N.C. 

N.C. 

N.C. 
D5 
D6 
D7 

N.C. 



N.C. 
N.C. 
N.C. 



EE 
EE 
EE 
EE 



Gl 
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o 



ST16C1552CQ52 



39 1 



36 J 

IE 
13 

33 I 

IE 
IE 
IE 
IE 

IE 



N.C. 

RESET 

N.C. 

DTR* 

RTS* 

N.C. 

N.C. 

AO 



N.C. 
N.C. 
N.C. 



N.C. [T[ 




N.C. [jT 




D4 [IT 




D5 QT 




D6 [T] 




D7 [IT 




RX [T] 




TX (jT 




CS* 1 9 




N.C. | 10 




N.C. I 11 




n.c. [TjT 





o 



ST16G155XCQ48 



5 g $ i 

? i? 2 o 



k % z % 



36 I N.C. 
35 I N.C. 
34] CTS* 
33~| RESET 
32~| DTR* 
31~| RTS* 
30 1 AO 
29~] N.C. 
28 I A1 
27~| A2 
26~] N.C. 
25 | N.C. 
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AC ELECTRICAL CHARACTERISTICS 3 

ro 

T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














Ti 


Clock high pulse duration 


20 






ns 




T 2 


Clock low pulse duration 


20 






ns 




T 3 


Clock rise/fall time 






10 


ns 




Ts 


Chip select setup time 


5 






ns 




T 9 


Chip select hold time 









ns 




T12 


Data set up time 


15 






ns 




T13 


Data hold time 


15 






ns 




T14 


IOW* delay from chip select 


10 






ns 




T15 


IOW* strobe width 


50 






ns 




Tie 


Chip select hold time from IOW* 









ns 




T17 


Write cycle delay 


55 






ns 




Tw 


Write cycle=Ti5+Ti7 


105 






ns 




T19 


Data hold time 


15 






ns 




T21 


IOR* delay from chip select 


10 






ns 




T23 


IOR* strobe width 


65 






ns 




T24 


Chip select hold time from IOR* 









ns 




T25 


Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T 2 5 


115 






ns 




T 26 


Delay from IOR* to data 






35 


ns 


100 pF load 


T28 


Delay from IOW* to output 






50 


ns 


1 00 pF load 


T29 


Delay to set interrupt from MODEM 
input 






70 


ns 


100 pF load 


T30 


Delay to reset interrupt from IOR* 






70 


ns 


100 pF load 


T31 


Delay from stop to set interrupt 






iRclk 


ns 


100 pF load 


T32 


Delay from IOR* to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 
start 


8 




24 


* 




T34 


Delay from stop to interrupt 






100 


ns 




T35 


Delay from IOW* to reset interrupt 






175 


ns 





Note 1 : * = Baudout* cycle 



3-107 



CM 



52 
o 

IO 



ST16C1550 
ST16C1551/1552 



<o ABSOLUTE MAXIMUM RATINGS 



Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














VlLCK 


Clock input low level 


-0.5 




0.6 


V 




VlHCK 


Clock input high level 


3.0 




VCC 


V 




VlL 


Input low level 


-0.5 




0.8 


V 




VlH 


Input high level 


2.2 




VCC 


V 




Vol 


Output low level on all outputs 






0.4 


V 


Iol= 6 mA 


VOH 


Output high level 


2.4 






V 


Ioh= -6 mA 


Ice 


Avg. power supply current 




6 




mA 




IlL 


Input leakage 






±10 


\xA 




Id 


Clock leakage 






±10 


\xA 





This product can operate in 3.0 Volts environment. Please consult with factory for additional information. 



28 PIN PLASTIC-DIP ST16C1550 28 PIN PLASTIC-DIP ST16C1551 



DO 


X 




"28] 


VCC 


DO 


X 




~28l 


VCC 


D1 


LX 




~m 


CD* 


D1 


X 




X 


CD* 


D2 


X 




"261 


DSR* 


D2 


X 




"261 


DSR* 


D3 


X 




X 


CTS* 


D3 


X 




X 


CTS* 


D4 
D5 


X 
X 


DCP28 


X 
"231 


RESET 
DTR* 


D4 
D5 


X 
X 


1CP28 


X 

^31 


RESET 
DTR* 


D6 


X 


IT) 

in 


~22l 


RTS* 


D6 


X 


ID 

in 


"221 


RTS* 


D7 


X 


16C 


X 


AO 


D7 


X 


"16C 


X 


AO 


RX 


X 


ST 


~20l 


A1 


RX 


X 


CO 


X 


A1 


TX 


X 




X 


A2 


TX 


Do 




X 


A2 


CS* 


X 




X 


INT 


CS* 


X 




X 


INT 


XTAL1 


X 




X 


Rl* 


CLK 


X 




X 


RST 


XTAL2 


X 




X 


IOR* 


IOW* 


Q3 




X 


Rl* 


IOW* 


X 




X 


GND 


GND 


X 




X 


IOR* 
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£ CLOCK TIMING 

co 



EXTERNAL 
CLOCK 




CLOCK PERIOD CLOCK PERIOD 



161450-CK-1 



MODEM TIMING 
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C/> 



O) 

O 

01 
01 
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RECEIVE TIMING 



RX 



INT 



IOR* 



START BIT 
H 

K- 



DATA BITS (5-8) 



STOP BIT 



DO 


D1 


D2 


D3 


D4 


D5 


D6 










.J 


. 





D7 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 



PARITY BIT 



NEXT 
DATA 
START BIT 



-» F4- T31 



!/ 



T32 



16 BAUD RATE CLOCK 



161450-RX-1 
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TRANSMIT TIMING 



TX 



INT 



IOW* 



START BIT 
H 



DATA BITS (5-8) 



STOP BIT 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



5 DATA BITS 



6 DATA BITS 



-W 



7 DATA BITS 
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ST16C2550 



An HSf EXMRCompany Printed August 3, 1995 

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs 



DESCRIPTION 



The ST16C2550 is a dual asynchronous receiver and 
transmitter with 16 byte transmit and receive FIFO. 
Independent programmable baud rate generators are 
provided to select transmit and receive clock rates 
from 50Hz to 1 .5 MHz for each UART. 
The ST16C2550 is an improved version of the 
NS16C550 UART with higher operating speed and 
lower access time. The ST16C2550 on board status 
registers provides the error conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C2550 
provides internal loop-back capability for on board 
diagnostic testing. 

The ST16C2550 is fabricated in an advanced 1.2u, 
CMOS process to achieve low drain power and high 
speed requirements. 



PLCC Package 



D5 \T_\ 
D6 |jT 
D7 [jT 
RXB [jjcT 
RXA [TT 
TXRDYB* \j2_ 
TXA 

TXB [j4~ 
OPB* [jjF 

csa* [jeT 



5 — e 



o 



ST16C2550CJ44 



19] RESET 
HI DTRB* 
~37] DTRA* 
"ail RTSA* 
"35] OPA* 
"34] RXRDYA* 
"33] I NT A 
"32~| INTB 
~31~[ AO 
~30~j A1 
~29] A2 



Zj 2 ^ BO 



Plastic-DIP Package 



FEATURES 



• Pin to pin and functional compatible to ST1 6C2450 

• 16 byte transmit FIFO 

• 16 byte receive FIFO with error flags 

• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl*, CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

• Status report register 

• Independent transmit and receive control 

• TTL compatible inputs, outputs 

• Software compatible with INS8250, NS16C550 

• 460.8 kHz transmit/receive operation with 7.372 
MHz crystal or external clock source 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST16C2550CP40 Plastic-DIP 0° C to + 70° C 
ST16C2550CJ44 PLCC 0° C to + 70° C 

'Industrial operating range are available 



DO LL 
D1 [T 
D2 [IT 
D3 {JT 
DA [1 
D5 [1[ 

D6 cr 

D7 □[ 
RXB EH 
RXA [JCT 
TXA [iT 
TXB [12 
OPB* \J3_ 
CSA* Q4 
CSB* Q5 
XTAL1 Q6 
XTAL2 Ql 
IOW* [J8 
CDB* Q9 
GND [20 
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40 I VCC 
11 RIA* 
"38] CDA* 
^371 DSRA* 
~36] CTSA* 
"35] RESET 
"341 DTRB* 
"33~1 DTRA* 
~32~l RTSA* 
"31~l OPA* 
~30l INTA 
"29l INTB 
"281 AO 
"271 A1 
"261 A2 
~25] CTSB* 
"24~1 RTSB* 
"231 RIB* 
"221 DSRB* 
"2T1 IOR* 
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D0-D7 
IOR* 
IOW* 
RESET 



A0-A2 
CSA* 
CSB* 
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INTB 
TXRDY* 
RXRDY* 
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FIFO 
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Control 
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RXA/B 
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RTSA/B* 
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RIA/B* 
CD A^* 
DSRA/B* 
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SYMBOL DESCRIPTION 



Symbol 


Pin 
40 44 


Signal Type 


Pin Description 


D0-D7 


1-8 


2-9 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RXA/B 


10,9 


11,10 


I 


Serial data input A/B. The serial information (data) received 
from serial port to ST16C2550 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
local loopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


TX A/B 


11,12 


13,14 


o 


Serial data output A/B. The serial data is transmitted via 
this pin with additional start , stop and parity bits. The TX will 
be held in mark (high) state during reset, local loopback 
mode or when the transmitter is disabled. 


CS* A/B 


14,15 


16,17 


I 


Chip select A/B. (active low) A low at this pin enables the 
ST16C2550 / CPU data transfer operation. 


XTAL1 


16 


18 


I 


Crystal input 1 or external clock input. A crystal can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generator for custom transmis- 
sion rates. 


XTAL2 


17 


19 


o 


Crystal input 2 or buffered clock output. See XTAL1 . 


IOW* 


18 


20 


I 


Write strobe, (active low) A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


IOR* 


21 


24 


I 


Read strobe, (active low) A low level on this pin transfers 
the contents of the ST16C2550 data bus to the CPU. 


A0-A2 


28-26 


31-29 


I 


Address select lines. To select internal registers. 


INT A/B 


30,29 


33,32 


o 


Interrupt output A/B. (active high) This pin goes high (when 
enabled by the interrupt enable register) whenever a re- 
ceiver error, receiver data available, transmitter empty, or 
modem status condition flag is detected. 



3-117 



ST16C2550 



o 
10 

CM 

o 

CO 



CO 

SYMBOL DESCRIPTION 



Symbol 


Pin 
40 44 


Signal Type 


Pin Description 


OP2* A/B 


31 


35,15 


O 


Interrupt enable output (active low). This pin stays high 
when INT out pin is set to three state mode and goes low 
when INT pin is enabled via OP2*. See bit-3 modem control 
register (MCR bit-3). 


RTS* A/B 


32,24 


36,27 


O 


Request to send A/B (active low). To indicate that the 
transmitter has data ready to send. Writing a "1" in the 
modem control register (MCR bit-1 ) will set this pin to a low 
state. After the reset this pin will be set to high. Note that 
this pin does not have any effect on the transmit or receive 
operation. 


DTR* A/B 


33,34 


37,38 


o 


Data terminal ready A/B (active low). To indicate that 
ST16C2550 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1" at the MCR bit-0 will set the DTR* output to low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset . Note that this pin does not have 
any effect on the transmit or receive operation. 


RESET 


35 


39 


I 


Master reset, (active high) A high on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CTS* A/B 


36,25 


40,28 


I 


Clear to send A/B (active low). The CTS* signal is a 
MODEM control function input whose conditions can be 
tested by reading the MSR BIT-4. CTS* has no effect on the 
transmit or receive operation. 


DSR* A/B 


37,22 


41,25 


I 


Data set ready A/B (active low). A low on this pin indicates 
the MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


CD* A/B 


38,19 


42,21 


I 


Carrier detect A/B (active low). A low on this pin indicates 
the carrier has been detected by the modem. 


RI*A/B 


39,23 


43,26 


I 


Ring detect indicator A/B (active low). A low on this pin 
indicates the modem has received a ringing signal from 
telephone line. 
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SYMBOL DESCRIPTION 



Symbol 


Pin 
40 44 


Signal Type 


Pin Description 


vcc 


40 


44 


I 


Power supply input. 


GND 


20 


22 


o 


Signal and power ground. 


TXRDY* A/B 




1,12 


o 


Transmit ready, (active low) This pin goes high when the 
transmit FIFO of the ST16C550 is full. It can be used as a 
single or multi-transfer. 


RXRDY* A/B 




34,23 


o 


Receive ready, (active low) This pin goes low when the 
receive FIFO is full. It can be used as a single or multi- 
transfer. 



PROGRAMMING TABLE 



111!!! 


iimi 


AO 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Interrupt Enable Register 





1 





Interrupt Status Register 


FIFO Control Register 





1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 
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ST16C2550 ACCESSIBLE REGISTERS MB 



A2A1 AO 


Register 


BIT-7 


BIT-6 


BIT-5 


BIT-4 


BIT-3 


BIT-2 


BIT-1 


BIT-0 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


IER 














modem 
status 
interrupt 


receive 

line 
status 
interrupt 


transmit 
holding 
register 


receive 
holding 
register 


1 


FCR 


RCVR 
trigger 
(MSB) 


RCVR 

4 r*i /^f r\ it 

trigger 
(LSB) 








DMA 
mode 
select 


XMIT 

PICO 

rir \J 
reset 


RCVR 
rir \J 
reset 


FIFO 
enaoie 


1 


ISR 


0/ 
FIFOs 
enabled 


0/ 
FIFOs 
enabled 








int 
priority 
bit-2 


int 
priority 
bit-1 


int 
priority 
bit-0 


int 
status 


U 1 1 




divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 

Kit A 

Oil- 1 


word 
length 

Kit n 
Dll-U 


1 


MCR 











loop 
back 


OP2/ 
INT 
enable 


Not 
used 


RTS* 


DTR* 


1 1 


LSR 


0/ 
FIFO 
error 


trans, 
empty 


trans, 
holding 
empty 


break 
interrupt 


framing 
error 


parity 
error 


overrun 
error 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


DLM 


bit-15 


bit-14 


bit-13 


bit-12 


bit-11 


bit-1 


bit-9 


bit-8 



DLL and DLM are accessible only when LCR bit-7 is set to "1". 
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TRANSMIT AND RECEIVE HOLDING REGISTER 



FIFO POLLED MODE OPERATION 



O 
10 

Oi 
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The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 

On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiver status codes will 
be posted in the Line Status Register. 



FIFO INTERRUPT MODE OPERATION 



When FCR BIT-0=1 ; resetting IER BIT 3-0 to zero puts 
the ST16C2550 in the FIFO polled mode of operation. 
Since the receiver and transmitter are controlled 
separately either one or both can be in the polled mode 
operation by utilizing the Line Status Register. 

A) LSR BIT-0 will be set as long as there is one byte 
in the receive FIFO. 

B) LSR BIT4-1 will specify which error(s) has oc- 
curred. 

C) LSR BIT-5 will indicate when the transmit FIFO is 
empty. 

D) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 

E) LSR BIT-7 will indicate when there are any errors 
in the receive FIFO. 

The ST16C2550 requires to have two step FIFO 
enable operation in order to enable receive trigger 
levels. 



When the receive FIFO (FCR BIT-0=1) and receive 
interrupts (IER BIT-0=1) are enabled, receiver inter- 
rupt will occur as follows: 

A) The receive data available interrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will be cleared as soon as the 
FIFO drops below its programmed trigger level. 

B) The ISR receive data available indication also 
occurs when the FIFO trigger level is reached, and like 
the interrupt it is cleared when the FIFO drops below 
the trigger level. 

C) The data ready bit (LSR BIT-0) is set as soon as a 
character is transferred from the shift register to the 
receiver FIFO. It is reset when the FIFO is empty. 



PROGRAMMABLE BAUD RATE GENERATOR 

The ST1 6C2550 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-24 MHz and dividing it by any divisor from 1 
to 2ie -1 . The output frequency of the Baudout* is 
equal to 16X of transmission baud rate (Baudout*=16 
x Baud Rate). Customize Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 

INTERRUPT ENABLE REGISTER (IER) 

The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 
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IER BIT-0: 

0=disable the receiver ready interrupt. 
1 =enable the receiver ready interrupt. 

IER BIT-1: 

0=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 

IER BIT-2: 

0=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 

IER BIT-3: 

0=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 

IER BIT 4-7: 

All these bits are set to logic zero. 



INTERRUPT STATUS REGISTER (ISR) 

The ST16C2550 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Interrupt Status Regis- 
ter (ISR) provides the source of the interrupt in priori- 
tized matter. During the read cycle the ST16C2550 
provides the highest interrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized interrupt levels: 

Priority level 



p 


D3 


D2 


HI 


DO 


Source of the interrupt 


1 





1 


1 





LSR (Receiver Line Sta- 












tus Register) 


2 





1 








RXRDY (Received Data 












Ready) 


2* 


1 


1 








RXRDY (Received Data 












time out) 


3 








1 





TXRDY( Transmitter 












Holding Register Empty) 


4 














MSR (Modem Status 












Register) 



♦RECEIVE TIME-OUT: 

This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 

Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40 / 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 

Example -B: If user programs the word length = 7, with 

parity and one stop bit, the time out will be: 

T = 4 X 7 (programmed word length) + 12 = 40 bits 

Character time = 40 / 1 [ (programmed word length 

= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 

characters. 

ISR BIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 

1=no interrupt pending. 
ISR BIT 1-3: 

Logical combination of these bits, provides the high- 
est priority interrupt pending. 

ISR BIT 4-7: 

These bits are not used and are set to zero in 
ST16C450 mode. BIT 6-7: are set to "1" in 
ST16C2550 mode. 

FIFO CONTROL REGISTER (FCR) 

This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 

FCR BIT-0: 

0=Disable the transmit and receive FIFO. 
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1=Enable the transmit and receive FIFO. 

This bit should be enabled before setting the FIFO 

trigger levels. 

FCR BIT-1: 

0=No change. 

1=Clearsthe contents of the receive FIFO and resets 
its counter logic to (the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCR BIT-2: 

0=No change. 

1=Clearsthe contents of the transmit FIFO and resets 
its counter logic to (the transmit shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCR BIT-3: 

0=No change. 

1=Changes RXRDY and TXRDY pins from mode "0" 
to mode "1". 

Transmit operation in mode "0": 
When ST16C2550 is in ST16C450 mode ( FCR bit- 
0=0 ) or in the FIFO mode ( FCR bit-0=1 , FCR bit-3=0 
) when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 

Receive operation in mode "0": 
When ST16C2550 is in ST16C450 mode ( FCR bit- 
0=0 ) or in the FIFO mode ( FCR bit-0=1 , FCR bit-3=0 
) and there is at least 1 character in the receive FIFO, 
the RXRDY* pin will go low. Once active the RXRDY* 
pin will go high (inactive) when there are no more 
characters in the receiver. 

Transmit operation in mode "1": 
When ST16C2550 is in ST16C550 mode ( FCR bit- 
0=1, FCR bit-3=1 ) the TXRDY* pin will become high 
(inactive) when the transmit FIFO is completely full. It 
will be low if one or more FIFO locations are empty. 



Receive operation in mode "1": 
When ST16C2550 is in ST16C550 mode ( FCR bit- 
0=1 , FCR bit-3=1 ) and the trigger level or the timeout 
has been reached, the RXRDY* pin will go low. Once 
it is activated it will go high (inactive) when there are 
no more characters in the FIFO. 

FCR BIT 4-5: 

Not used. 

FCR BIT 6-7: 

These bits are used to set the trigger level for the 
receiver FIFO interrupt. 



BIT-7 


BIT-6 


FIFO trigger level 








01 





1 


04 


1 





08 


1 


1 


14 



LINE CONTROL REGISTER (LCR) 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCRBIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 



BIT-1 


BIT-0 


Word length 








5 





1 


6 


1 





7 


1 


1 


8 



3-123 



ST16C2550 



o 

IO 

m 

CM 

O 
to 



CO 



LCR BIT-2: 

The number of stop bits can be specified by this bit. 



BIT-2 


Word length 


Stop bit(s) 





5,6,7,8 


1 


1 


5 


1-1/2 


1 


6,7,8 


2 



LCR BIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 

LCR BIT-4: 

If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 

0=ODD parity is generated by forcing an odd number 
of 1 's in the transmitted data, receiver also checks for 
same format. 

1 = EVEN parity bit is generated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 

LCR BIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 

LCR BIT-6: 

Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
0=normal operating condition. 
1 =forces the transmitter output (TX) to go low to alert 
the communication terminal. 

LCR BIT-7: 

The internal baud rate counter latch enable (DLAB). 

0=normal operation. 

1 =select divisor latch register. 



MODEM CONTROL REGISTER (MCR) 

This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCR BIT-0: 

0=force DTR* output to high. 
1 =force DTR* output to low. 

MCRBIT-1: 

0=force RTS* output to high. 
1 =force RTS* output to low. 

MCR BIT-2: 

Not used except in local loop-back mode. 
MCR BIT-3: 

0=set INT output pin to three state mode and OP2* 
output to high. 

1=set INT output pin to normal operating mode and 
OP2* output to low. 

MCR BIT-4: 

0=normal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) , CTS*, DSR*, CD*, and Rl* are 
disabled. Internally the transmitter output is con- 
nected to the receiver input and DTR*, RTS*, MCR 
bit-2 and OP2*/INT enable are connected to modem 
control inputs. 

In this mode , the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
now the lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER . 

MCR BIT 5-7: 

Not used. Are set to zero permanently. 

LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 
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LSR BIT-0: 

0=no data in receive holding register or FIFO. 
1=data has been received and saved in the receive 
holding register or FIFO. 

LSR BIT-1: 

0=no overrun error (normal). 
1=overrun error, next character arrived before receive 
holding register was emptied or if FIFOs are enabled, 
an overrun error will occur only after the FIFO is full 
and the next character has been completely received 
in the shift register. Note that character in the shift 
register is overwritten, but it is not transferred to the 
FIFO. 

LSR BIT-2: 

0=no parity error (normal). 

1=parity error, received data does not have correct 
parity information. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 

LSR BIT-3: 

0=no framing error (normal). 
1=framing error received, received data did not have 
a valid stop bit. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 

LSR BIT-4: 

0=no break condition (normal). 
1=receiver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character is loaded into the FIFO. 

LSR BIT-5: 

0=transmit holding register is full. ST16C2550 will not 
accept any data for transmission. 
1=transmit holding register (or FIFO ) is empty. CPU 
can load the next character. 

LSR BIT-6: 

0=transmitter holding and shift registers are full. 
1 transmitter holding and shift registers are empty. In 
FIFO mode this bit is set to one whenever the trans- 
mitter FIFO and transmit shift register are empty. 



LSR BIT-7: 

0=Normal. 

1=At least one parity error, framing error or break 
indication in the FIFO. This bit is cleared when LSR is 
read. 



MODEM STATUS REGISTER (MSR) 

This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 

MSR BIT-0: 

Indicates that the CTS* input to the ST16C2550 has 
changed state since the last time it was read. 

MSR BIT-1: 

Indicates that the DSR* input to the ST1 6C2550 has 
changed state since the last time it was read. 

MSR BIT-2: 

Indicates that the Rl* input to the ST16C2550 has 
changed from a low to a high state. 

MSR BIT-3: 

Indicates that the CD* input to the ST16C2550 has 
changed state since the last time it was read. 

MSR BIT-4: 

This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 

MSR BIT-5: 

This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 

MSR BIT-6: 

This bit is equivalent to MCR bit-2during local loop- 
back mode. It is the compliment of the Rl* input. 
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MSRBIT-7: 

This bit is equivalent to OP2*/INT enable in the MCR 
during local loop-back mode. It is the compliment to 
the CD* input. 

Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 

SCRATCHPAD REGISTER (SR) 

i 

ST16C2550 provides a temporary data register to 
store 8 bits of information for variable use. 



BAUD RATE GENERATOR PROGRAMMING 
TABLE (1 .8432 MHz CLOCK): 



ST16C2550 EXTERNAL RESET CONDITION 



BAUD RATE 


16 x CLOCK 
DIVISOR 


% ERROR 


50 


2304 




75 


1536 




110 


1047 


0.026 


134.5 


857 


0.058 


150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




3600 


32 




4800 


24 




7200 


16 




9600 


12 




19.2K 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 





REGISTERS 


RESET STATE 


IER 


IER BITS 0-7=0 


ISR 


ISR BIT-0=1, ISR BITS 1-7=0 


LCR 


LCR BITS 0-7=0 


MCR 


MCR BITS 0-7=0 


LSR 


LSR BITS 0-4=0, 




LSR BITS 5-6=1 LSR, BIT 7=0 


MSR 


MSR BITS 0-3=0, 




MSR BITS 4-7=input signals 


FCR 


FCR BITS 0-7=0 



SIGNALS 


RESET STATE 


TX 


High 


OP2* 


High 


RTS* 


High 


DTR* 


High 


INT 


Three state mode 



D7 
RXB 
RXA 
TXRDYB* 



tz 

EE 
CE 



TXA 

TXB |~~8~ 
OPB* [ 9 
CSA* 
CSB* 

N.C. 



* « « - o I 8 '< § J S M 



ST16C2550CQ48 



36 | RESET 

] DTRB* 

] DTRA* 

] RTSA* 

] OPA* 

31 | RXRDYA* 

30 | INTA 

"29~| INTB 

"W\ AO 

~rT\ ai 

~26] A2 
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AC ELECTRICAL CHARACTERISTICS 

T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 
















Ti 


Clock high pulse duration 


20 






ns 




T2 


Clock low pulse duration 


20 






ns 




Ts 


Clock rise/fall time 






10 


ns 




Ts 


Chip select setup time 


5 






ns 




T 9 


Chip select hold time 









ns 




T12 


Data set up time 


15 






ns 




Tl3 


Data hold time 


15 






ns 




T14 


IOW* delay from chip select 


10 






ns 




T15 


IOW* strobe width 


50 






ns 




Tie 


Chip select hold time from IOW* 









ns 




T17 


Write cycle delay 


55 






ns 




Tw 


Write cycle=Ti5+Ti7 


105 






ns 




Tw 


Data hold time 


15 






ns 




T21 


IOR* delay from chip select 


10 






ns 




T23 


IOR* strobe width 


65 






ns 




T24 


Chip select hold time from IOR* 









ns 




T25 


Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 




Tor 
1 26 


L/Cldy IIUMI Iv^rx IU Uctld 








nc 




T28 


Delay from IOW* to output 






50 


ns 


100 pF load 


T29 


Delay to set interrupt from MODEM 






70 


ns 


100 pF load 




input 












T30 


Delay to reset interrupt from IOR* 






70 


ns 


100 pF load 


T31 


Delay from stop to set interrupt 






1 Rclk 


ns 


100 pF load 


T32 


Delay from IOR* to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 


8 




24 


* 






start 












T34 


Delay from stop to interrupt 






100 


ns 




T35 


Delay from IOW* to reset interrupt 






175 


ns 




T44 


Delay from stop to set RxRdy 






1rclk 






T45 


Delay from IOR* to reset RxRdy 






1 






T46 


Delay from IOW* to set TxRdy 






195 


ns 




T47 


Delay from start to reset TxRdy 






8 


* 




N 


Baud rate devisor 


1 




216-1 







Note 1 : * = Baudout* cycle 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














VlLCK 


Clock input low level 


-0.5 




0.6 


V 




VlHCK 


Clock input high level 


3.0 




VCC 


V 




VlL 


Input low level 


-0.5 




0.8 


V 




VlH 


Input high level 


2.2 




VCC 


V 




Vol 


Output low level on all outputs 






0.4 


V 


Iol= 6 mA 


Voh 


Output high level 


2.4 






V 


Ioh= -6 mA 


Ice 


Avg. power supply current 




6 




mA 




IlL 


Input leakage 






±10 


\xA 




Id 


Clock leakage 






±10 


\xA 





This product can operate in 3.0 Volts environment. Please consult with factory for additional information. 



CLOCK TIMING 



EXTERNAL 
CLOCK 




CLOCK PERIOD CLOCK PERIOD 



161450-CK-1 
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GENERAL READ TIMING 



A0-A2 



CSx* 



IOR* 



D0-D7 




162450-RD-1 
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RECEIVE TIMING 



RX 



INTx 



IOR* 



START BIT 
H 



DATA BITS (5-8) 



STOP BIT 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



/ — 



D7 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 



PARITY BIT 



NEXT 
DATA 
START BIT 



-W K- T31 

1 I 



1/ 



T32 -W K- 



O) 

O 
ls> 
Oi 
Ol 
O 



16 BAUD RATE CLOCK 



162450-RX-1 



3-131 



o 
m 
10 

CM 

O 

<0 

T- 
I- 

(/> 



ST16C2550 



RXRDY TIMING FOR MODE "0" 



START BIT 
H 
\4r 



RX 

(First byte) 



RXRDY* 



IOR* 
IOR 



DATA BITS (S--8) 



STOP BIT 



\ D0 


D1 


D2 


D3 


D4 


D5 


D6 


D7 
















_7 



5 DATA BITS 



-W 




PARITY BIT 



6 DATA BITS 



7 DATA BITS 



WT44 



I 

\4 HT45 



16550-RX-2 
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RXRDY TIMING FOR MODE "1" 



START BIT 



DATA BITS (5-8) 



STOP BIT 





W 














H 


RX 




D1 


D2 


D3 


D4 


D5 


D6 


D7 ) 

_7 



5 DATA BITS 




PARITY BIT 



H4- 



6 DATA BITS 



7 DATA BITS 



First byte that reaches 
the trigger level 



RXRDY* 



IOR* 
IOR 



\4 HT45 

16550-RX-3 
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TRANSMIT TIMING 



TX 



INTx 



IOW* 



START BIT 
H 



DATA BITS (5-8) 



STOP BIT 



DO 



D1 



D2 D3 



D4 



D5 



D6 



07 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 



T33 



PARITY BIT 



NEXT 
DATA 
START BIT 



-N H«- T34 



I I 

T35 -» K- 

I 



16 BAUD RATE CLOCK 



M 

162450-TX-1 
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TXRDY TIMING FOR MODE "0" 



TX 



I0W* 
IOW 



D0-D7 



TXRDY* 



START BIT 
H 



DATA BITS (5-8) 



STOP BIT 



\ D0 


D1 


D2 


D3 


D4 


D5 


D6 


D7 



















I BYTE #1 ; 




5 DATA BITS 



PARITY BIT 



6 DATA BITS 



7 DATA BITS 



T46 



>l \+ T47 



16550-TX-2 



3-135 



ST16C2550 



o 
10 

CM 
O 



CO 

TXRDY TIMING FOR MODE "1" 



TX 



IOW* 
IOW 



D0-D7 



TXRDY* 



START BIT 
H4- 



/ \ 



BYTE #16 



DATA BITS (5-8) 



STOP BIT 



DO 



\ 



D1 



D2 



D3 



D4 



D5 



5 DATA BITS 




PARITY BIT 



6 DATA BITS 



7 DATA BITS 



T46 



-» T47 



I/ 



FIFO FULL 



16550-TX-3 
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STARTECH ST16C2552 

An EX^RCompany Printed August 3, 1995 

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs 



DESCRIPTION 



The ST16C2552 is a dual asynchronous receiver and 
transmitter with 16 byte transmit and receive FIFOs. 
Independent programmable baud rate generators are 
provided to select transmit and receive clock rates 
from 50Hz to 1 .5 MHz for each UART. 
The on board status registers of the ST16C2552 
provide the error conditions, type and status of the 
transfer operation being performed. Complete MO- 
DEM control capability and a processor interrupt 
system that may be software tailored to the user's 
requirements are included. The ST16C2552 provides 
internal loop-back capability for on board diagnostic 
testing. 

Signalling for DMA transfers is done through two pins 
per channel ( TXRDY*, RXRDY* ). The RXRDY* 
function is multiplexed on one pin with the OP2* and 
BAUDOUT functions. CPU can select these functions 
through the Alternate Function Register. 
The ST16C2552 is fabricated in an advanced 1.2^ 
CMOS process to achieve low power and high speed 
requirements. 



D5 [T^f 

D6 [jf 

D7 \JT 

AO [jcT 

XTAL1 (IT 

GND \j\2_ 

XTAL2 [llf 

A1 [jmT 

A2 QfT 

CHSEL \j6_ 

INTB [\7~ 



PLCC Package 
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ST16C2552CJ44 



39 | RXA 

~3B~l TXA 

~37~l DTRA* 

~36] RTSA* 

~35~| MFA* 

~34~] INTA 

"33] vcc 

"32~~j TXRDYB* 

~31~1 RIB* 

"30] CDB* 

"29] DSRB* 



FEATURES 



• Pin to pin and functional compatible to National 
NS16C552 

• 16 byte transmit FIFO 

• 16 byte receive FIFO with error flags 

• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl*, CD*) 

• Programmable character lengths (5, 6, 7, 8) bits 

• Even, odd, or no parity bit generation and detection 

• Status report register 

• TTL compatible inputs, outputs 

• Independent transmit and receive control 

• Software compatible with INS8250, NS16C550 

• 460.8 kHz transmit/receive operation with 7.372 
MHz crystal or external clock source 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST16C2552CJ44 PLCC 0° C to + 70° C 

ST16C2552IJ44 PLCC -40° C to + 85° C 



Rev. 1.0 
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BLOCK DIAGRAM 



D0-D7 
IOR* 
WW* 
RESET 



A0-A2 
CS* 
CHSEL 



INTA 
INTB 
TXRDY* A/B 
RXRDY* A/B 




1 


Transmit 




Transmit 




FIFO 




Shift 




Registers 




Register 



Clock 
& 

Baud Rate 

Generator 



Receive 




Receive 






FIFO 




Shift 




RXA/B 


Registers 




Register 







Modem 
Control 
Logic 



TXA/B 



DTRA/B* 
RTSA/B* 

MF A/B* 

CTSA/B* 
RIA/B* 
CD A/B* 
DSRA/B* 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


D0-D7 


2-9 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RX A/B 


39,25 


I 


Serial data input A/B. The serial information (data) received 
from serial port to ST16C2552 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
local loopback mode the RX input is disabled from external 
conneciion anu connecicu io uio i a uuipui iniciiidiiy. 


TXA/B 


38,26 





Serial data output A/B. The serial data is transmitted via 
this pin with additional start , stop and parity bits. The TX will 
be held in mark (high) state during reset, local loopback 
mode or when the transmitter is disabled. 


CS* 


18 


I 


Chip select, (active low) A low at this pin enables the 
ST16C2552 / CPU data transfer operation. 


CHSEL 


16 


I 


UART A/B select. UART A or B can be selected by changing 
the state of this pin when CS* is active. Low on this pin, 

cqIq /">+ c tho 1 1 ADT R onrl hinh o n thic rM*n color*tc 1 IART" A 
oclcUlo lilt; VJMrx 1 D dMU lliyil UN llllo [Jill oclcUlo Ur\r\ 1 r\ 

section. 


VTA I 1 


i i 


I 
I 


Olybldl llipui 1 Ul tJAlcllldl UlUUfS. IllfJUL. r\ oiyoLdl L»all UC 

connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
intprnal rirnuit and baud ratp npnp rat or for custom transmis- 

II llv^l 1 1 CI 1 Oil V*/ L4 1 1 CI 1 IvJ L^CtCI^I 1 CtLw UV/I IV/I U LUI 1 vl WMOLW III LICillvJIIIIO 

sion rates. 


XTAL2 


13 


o 


Crystal input 2 or buffered clock output. See XTAL1. 
Should be left open if a clcok is connected to XTAL1 . 


IOW* 


20 


I 


Write strobe, (active low) A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


IOR* 


24 


I 


Read strobe, (active low) A low level on this pin transfers 
the contents of the ST16C2552 data bus to the CPU. 


A0-A2 


10,14,15 


I 


Address select lines. To select internal registers. 



3-139 



CM 

m 
to 

CM 

O 

CO 

T- 

h- 



ST16C2552 



SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


INT A/B 


34,17 


O 


Interrupt output A/B. (active high) This pin goes high (when 
enabled by the interrupt enable register) whenever a re- 
utJivei tJiioi, receiver udid dvdiiduic, ii dnoiiiiiicf cinpiy, or 
modem status condition flag is detected. 


MF* A/B 


35,19 


o 


OP2* (interrupt enable), BAUDOUT* and RXRDY* outputs. 
These outputs are multiplexed via Alternate Function Reg- 
ister. When output enable function is selected the MF* pin 
stays high when INT out pin is set to three state mode and 
goes low when INT pin is enabled. See bit-3 modem control 
register (MCR bit-3). When BAUDOUT function is selected, 
the 16 X TX/RX Baud rate clock output is generated. 
RXRDY function can be selected to use to request a DMA 
transfer of data from the Receive data FIFO. OP2* is the 
dpfault sinnal and it is splprtpd immpdiafplv aftpr mastpr 
reset or power-up. 


TXRDY* A/B 


1,32 


o 


Transmit ready, (active low) This pin goes high when the 
transmit FIFO of the ST16C2552 is full. It can be used as a 
single or multi-transfer. 


RTS* A/R 
rv i o n/D 






transmitter has data ready to send. Writing a "1" in the 
modem control register (MCR bit-1 ) will set this pin to a low 
state. After the reset this pin will be set to high. Note that 
this pin does not have any effect on the transmit or receive 
nnpratinn 


DTR* A/B 


37,27 


o 


Data terminal ready A/B (active low). To indicate that 
ST16C2552 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1 " at the MCR bit-0 will set the DTR* output to low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset . Note that this pin does not have 
any effect on the transmit or receive operation. 


RESET 


21 


I 


Master reset, (active high) A high on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 
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llliiiiiii nil! 


Sianal Tvoe 


Pin Description 


CTS* A/B 


40,28 


I 


Clear to send A/B (active low). The CTS* signal is a 
MODEM control function input whose conditions can be 
tested by reading the MSR BIT-4. CTS* has no effect on the 
transmit or receive operation. 


DSR* A/B 


41,29 


I 


Data set ready A/B (active low). A low on this pin indicates 
the MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


CD* A/B 


42,30 


I 


Carrier detect A/B (active low). A low on this pin indicates 
the carrier has been detected by the modem. 


Rl* A/B 


43,31 


I 


Ring detect indicator A/B (active low). A low on this pin 
indicates the modem has received a ringing signal from 
telephone line. 


VCC 


33,44 


I 


Power supply input. 


GND 


12,22 


O 


Signal and power ground. 



PROGRAMMING TABLE 



Al 


Al 


AO 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Interrupt Enable Register 





1 





Interrupt Status Register 


FIFO Control Register 





1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 





1 





Alternate Function Register 


Alternate Function Register 
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ST16C2552 ACCESSIBLE REGISTERS MB 



A2A1 AO 


Register 


BIT-7 


BIT-6 


BIT-5 


BIT-4 


BIT-3 


BIT-2 


BIT-1 


BIT-0 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


IER 














modem 
status 
interrupt 


receive 
line 
status 
interrupt 


transmit 
holding 
register 


receive 
holding 
register 


1 


FCR 


RCVR 
trigger 
MSB) 


RCVR 
trigger 
(LSB) 








DMA 
mode 
select 


XMIT 
FIFO 
reset 


RCVR 
FIFO 
reset 


FIFO 
enable 


1 


ISR 


0/ 
FIFOs 
enabled 


0/ 
FIFOs 
enabled 








int 
nrioritx/ 
bit-2 


int 

nrinritv 
bit-1 


int 
nrioritv 
bit-0 


int 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 


10 


MCR 











loop 
back 


OP2* 


OP1* 


RTS* 


DTR* 


1 1 


LSR 


0/ 
FIFO 
error 


trans, 
empty 


trans, 
holding 
empty 


break 
interrupt 


framing 
error 


parity 
error 


overrun 
error 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


DLM 


bit-15 


bit-14 


bit-13 


bit-12 


bit-11 


bit-10 


bit-9 


bit-S 


10 


AFR 

















MF* 
sel-1 


MF* 
sel-0 


SP 
write 



These registers are accessible only when LCR bit-7 is set to "1". 
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REGISTER FUNCTIONAL DESCRIPTIONS 
TRANSMIT AND RECEIVE HOLDING REGISTER 



FIFO POLLED MODE OPERATION 



The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 

On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiver status codes will 
be posted in the Line Status Register. 



FIFO INTERRUPT MODE OPERATION 

When the receive FIFO (FCR BiT-0=1) and receive 
interrupts (IER BIT-0=1) are enabled, receiver inter- 
rupt will occur as follows: 

A) The receive data available interrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will be cleared as soon as the 
FIFO drops below its programmed trigger level. 

B) The ISR receive data available indication also 
occurs when the FIFOtrigger level is reached, and like 
the interrupt it is cleared when the FIFO drops below 
the trigger level. 

C) The data ready bit (LSR BIT-0) is set as soon as a 
character is transferred from the shift register to the 
receiver FIFO, it is reset when the FIFO is empty. 



When FCR BIT-0=1 ; resetting IER BIT 3-0to zero puts 
the ST16C2552 in the FIFO polled mode of operation. 
Since the receiver and transmitter are controlled 
separately either one or both can be in the polled mode 
operation by utilizing the Line Status Register. 

A) LSR BIT-0 will be set as long as there is one byte 
in the receive FIFO. 

B) LSR BIT4-1 will specify which error(s) has oc- 
curred. 

C) LSR BIT-5 will indicate when the transmit FIFO is 
empty. 

D) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 

E) LSR BIT-7 will indicate when there are any errors 
in the receive FIFO. 



PROGRAMMABLE BAUD RATE GENERATOR 

Each UART section of the ST16C2552 contains a 
programmable Baud Rate Generator that is capable 
of taking any clock input from DC-24 MHz and dividing 
it by any divisor from 1 to 2ie -1 . The output frequency 
of the Baudout* is equal to 16X of transmission baud 
rate (Baudout*=16 x Baud Rate). Customize Baud 
Rates can be achieved by selecting proper divisor 
values for MSB and LSB of baud rate generator. 



INTERRUPT ENABLE REGISTER (IER) 

The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 

IER BIT-0: 

Odisable the receiver ready interrupt. 
1 =enable the receiver ready interrupt. 
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1ERBIT-1: 

0=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 

IER BIT-2: 

0=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 

IER BIT-3: 

0=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 

IER BIT 4-7: 

All these bits are set to logic zero. 



INTERRUPT STATUS REGISTER (ISR) 

The ST16C2552 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Interrupt Status Regis- 
ter (ISR) provides the source of the interrupt in priori- 
tized matter. During the read cycle the ST16C2552 
provides the highest interrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized interrupt levels: 



Priority level 



p 


ill 


H 


D1 


(111 


Source of the interrupt 


1 





1 


1 





LSR (Receiver Line Sta- 












tus Register) 


2 





1 








RXRDY (Received Data 












Ready) 


2* 


1 


1 








RXRDY (Receive Data 












time out) 


3 








1 





TXRDY( Transmitter 












Holding Register Empty) 


4 














MSR (Modem Status 












Register) 



♦RECEIVE TIME-OUT: 

This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 

Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40 / 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 

Example -B: If user programs the word length = 7, with 

parity and one stop bit, the time out will be: 

T = 4 X 7(programmed word length) + 12 = 40 bits 

Character time = 40 / 10 [ (programmed word length 

= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 

characters. 

ISR BIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 

1=no interrupt pending. 
ISR BIT 1-3: 

Logical combination of these bits, provides the high- 
est priority interrupt pending. 

ISR BIT 4-7: 

These bits are not used and are set to zero if the FIFOs 
are not enabled. BIT 6-7: are set to "1 " when the FIFOs 
are enabled. 

FIFO CONTROL REGISTER (FCR) 

This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 

FCR BIT-0: 

0=Disable the transmit and receive FIFO. 
1=Enable the transmit and receive FIFO. 
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FCR BIT-1: 

0=No change. 

1=Clearsthe contents of the receive FIFO and resets 
its counter logic to (the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCR BIT-2: 

0=No change. 

1=Clearsthe contents of the transmit FIFO and resets 
its counter logic to (the transmit shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCR BIT-3: 

0=No change. 

1=Changes RXRDY and TXRDY pins from mode "0" 
to mode "1". 

Transmit operation in mode "0": 
When ST16C2552 is in ST16C450 mode ( FCR bit- 
0=0 ) or in the FIFO mode ( FCR bit-0=1 , FCR bit-3=0 
) when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 

Receive operation in mode "0": 
When ST16C2552 is in ST16C450 mode ( FCR bit- 
0=0 ) or in the FIFO mode ( FCR bit-0=1 , FCR bit-3=0 
) and there is at least 1 character in the receive FIFO, 
the RXRDY* pin will go low. Once active the RXRDY* 
pin will go high (inactive) when there are no more 
characters in the receiver. 

Transmit operation in mode "1": 
When ST16C2552 is in ST16C550 mode ( FCR bit- 
0=1 , FCR bit-3=1 ) the TXRDY* pin will become high 
(inactive) when the transmit FIFO is completely full. It 
will be low if one or more FIFO locations are empty. 

Receive operation in mode "1": 
When ST16C2552 is in ST16C550 mode ( FCR bit- 
0=1 , FCR bit-3=1 ) and the trigger level or the timeout 
has been reached, the RXRDY* pin will go low. Once 
it is activated it will go high (inactive) when there are 



no more characters in the FIFO. 

FCR BIT 4-5: 

Not used. 

FCR BIT 6-7: 

These bits are used to set the trigger level for the 
receiver FIFO interrupt. 



BIT-7 


BIT-6 


FIFO trigger level 








01 





1 


04 


1 





08 


1 


1 


14 



ALTERNATE FUNCTION REGISTER (AFR) 

This is a read/write register used to select specific 
modes of MF* operation and to allow both UART 
registers sets to be written concurrently. 

AFR BIT-0: 

When this bit is set, CPU can write concurrently to the 
same register in both UARTs. This function is intended 
to reduce the dual UART initialization time. It can be 
used by CPU when both channels are initialized to the 
same state. CPU can set or clear this bit by accessing 
either register set. When this bit is set the channel 
select pin still selects the channel to be accessed 
during read operation. Setting or clearing this bit has 
no effect on read operations. 
The user should ensure that LCR Bit-7 of both chan- 
nels are in the same state before executing a concur- 
rent write to the registers at address 0,1 , or 2. 

AFR BIT 1-2: 

Combinations of these bits selects one of the MF* 
functions. 
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1:1111 


MF* Function 








OP2* 





1 


BAUDOUT* 


1 





RXRDY* 


1 


1 


Reserved 



AFR BIT 3-7: 

Not used. All these bits are set to logic zero. 



1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 

LCR BIT-4: 

Ifthe parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 

0=ODD parity is generated by forcing an odd number 
of 1's in the transmitted data, receiver also checks for 
same format. 

1= EVEN parity bit is generated by forcing an even 
number of 1's in the transmitted data, receiver also 
checks for same format. 



LINE CONTROL REGISTER (LCR) 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCR BIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 



BIT-1 


BIT-0 


Word length 








5 





1 


6 


1 





7 


1 


1 


8 



LCR BIT-2: 

The number of stop bits can be specified by this bit. 



LCR BIT-5: 

if the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 

LCR BIT-6: 

Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
0=normal operating condition. 
1 =forces the transmitter output (TX) to go low to alert 
the communication terminal. 

LCR BIT-7: 

The internal baud rate counter latch enable (DLAB). 
0=normal operation. 

1=select Divisor Latch Register and Alternate Func- 
tion Register. 

MODEM CONTROL REGISTER (MCR) 



BIT-2 


Word length 


Stop bit(s) 





5,6,7,8 


1 


1 


5 


1-1/2 


1 


6,7,8 


2 



LCR BIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 



This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCR BIT-0: 

Oforce DTR* output to high. 
1 =force DTR* output to low. 

MCR BIT-1: 

0=force RTS* output to high. 
1 =force RTS* output to low. 
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MCR BIT-2: 

Not used except in local loop-back mode. 
MCR BIT-3: 

0=force OP2* output to high. 
1 =force OP2* output to low. 

MCR BIT-4: 

0=normal operating mode. 

1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) , CTS*, DSR*, CD*, and Rl* are 
disabled. Internally the transmitter output is con- 
nected to the receiver input and DTR*, RTS*, OP1* 
and OP2* are connected to modem control inputs. 
In this mode , the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
now the lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER . 

MCR BIT 5-7: 

Not used. Are set to zero permanently. 

LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 

LSRBIT-0: 

0=no data in receive holding register or FIFO. 
1=data has been received and saved in the receive 
holding register or FIFO. 

LSRBIT-1: 

0=no overrun error (normal). 
1 =overrun error, next character arrived before receive 
holding register was emptied or if FIFOs are enabled, 
an overrun error will occur only after the FIFO is full 
and the next character has been completely received 
in the shift register. Note that character in the shift 
register is overwritten, but it is not transferred to the 
FIFO. 



LSR BIT-2: 

0=no parity error (normal). 

1 =parity error, received data does not have correct 
parity information. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 

LSR BIT-3: 

0=no framing error (normal). 
1 =framing error received, received data did not have 
a valid stop bit. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 

LSR BIT-4: 

0=no break condition (normal). 
1=receiver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character is loaded into the FIFO. 

LSR BIT-5: 

0=transmit holding register is full. ST16C2552 will not 
accept any data for transmission. 
1=transmit holding register (or FIFO ) is empty. CPU 
can load the next character. 

LSR BIT-6: 

0=transmitter holding and shift registers are full. 
1 transmitter holding and shift registers are empty. In 
FIFO mode this bit is set to one whenever the trans- 
mitter FIFO and transmit shift register are empty. 

LSR BIT-7: 

0=Normal. 

1=At least one parity error, framing error or break 
indication in the FIFO. This bit is cleared when LSR is 
read. 



MODEM STATUS REGISTER (MSR) 

This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to M 0" whenever the CPU reads this register. 
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MSR BIT-0: 

Indicates that the CTS* input to the ST16C2552 has 
changed state since the last time it was read. 

MSRBIT-1: 

Indicates that the DSR* input to the ST16C2552 has 
changed state since the last time it was read. 
MSR BIT-2: 

Indicates that the Rl* input to the ST16C2552 has 
changed from a low to a high state. 

MSR BIT-3: 

Indicates that the CD* input to the ST16C2552 has 
changed state since the last time it was read. 

MSR BIT-4: 

This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 

MSR BIT-5: 

This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 

MSR BIT-6: 

This bit is equivalent to OP1 in the MCR during local 
loop-back mode. It is the compliment of the Rl* input. 

MSR BIT-7: 

This bit is equivalent to OP2 in the MCR during local 
loop-back mode. It is the compliment to the CD* input. 

Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 

SCRATCHPAD REGISTER (SR) 

ST16C2552 provides a temporary data register to 
store 8 bits of information for variable use. 



BAUD RATE GENERATOR PROGRAMMING 
TABLE (1 .8432 MHz CLOCK): 



BAUD RATE 


16 x CLOCK 
DIVISOR 


% ERROR 


50 


2304 




75 


1536 




150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




4800 


24 




7200 


16 




9600 


12 




19.2K 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 





ST16C2552 EXTERNAL RESET CONDITION 



REGISTERS 


RESET STATE 


IER 


IER BITS 0-7=0 


ISR 


ISR BiT-0=1, ISR BITS 1-7=0 


LCR 


LCR BITS 0-7=0 


MCR 


MCR BITS 0-7=0 


LSR 


LSR BITS 0-4=0, 




LSR BITS 5-6=1 LSR, BIT 7=0 


MSR 


MSR BITS 0-3=0, 




MSR BITS 4-7=input signals 


FCR 


FCR BITS 0-7=0 


MFR 


AFR BITS 0-7=0 



SIGNALS 


RESET STATE 


TX 


High 


OP2* 


High 


RTS* 


High 


DTR* 


High 


INT 


Low 


TXRDY* 


Low 
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7 Volts 

GND-0.3 V to VCC+0.3 V 
0° C to +70° C 
-40° C to +150° C 
500 mW 



ABSOLUTE MAXIMUM RATINGS 



Supply Voltage 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



DC ELECTRICAL CHARACTERISTICS 

T=0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














VlLCK 


Clock input low level 


-0.5 




0.6 


V 




VlHCK 


Clock input high level 


3.0 




VCC 


V 




VlL 


Input low level 


-0.5 




0.8 


V 




VlH 


Input high level 


2.2 




VCC 


V 




Vol 


Output low level on all outputs 






0.4 


V 


Iol= 6 mA 


VOH 


Output high level 


2.4 






V 


Ioh= -6 mA 


Ice 


Avg. power supply current 




6 




mA 




IlL 


Input leakage 






±10 


\iA 




ICL 


Clock leakage 






±10 







This product can operate in 3.0 Volts environment. Please consult with factory for additional information. 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 







min 


Ijmsts 
Typ 


Max 


units 


uonamons 


Ti 


Clonk hinh nnlQA Hi iratirm 
oiuoiv iiiyii uuioc uui diiui 1 


zu 






ns 




i 2 


C*\r\f*lc \n\At niilco Hi i rat inn 
oiuorv iuw puioc UUI allUI 1 


zu 






ns 




Ts 


Clonk riQp/fall timp 






1 n 


ns 




Ts 


Chin splpnt Qptun timp 








nc 

1 IO 




Ts 


Chin splpct hold timp 









1 10 




T12 


Data set ud time 


15 






ns 




Tl3 


Data hold time 


15 






ns 




Tl4 


IOW* delay from chip select 


10 






ns 




Tl5 


IOW* strobe width 


50 






ns 




Tl6 


Chip select hold time from IOW* 









ns 




Tl7 


Write cycle delay 


55 






ns 




Tw 


Write cvcle=Ti's+Ti7 

fill lw v¥ V/l w I ! u 1 11/ 


105 






1 10 




Tl9 


Data hold time 


15 










T21 


IOR* delay from chip select 


10 






ns 




T23 


IOR* strobe width 


65 






ns 




T24 


Chip select hold time from IOR* 









ns 




T25 


Read cycle delay 


55 






ns 




Tr 


Read cycle = T23+T25 


115 






ns 




T26 


Delay from IOR* to data 






35 


ns 


1 \J\J \Jl lUCiU 


T28 


Delay from IOW* to output 






50 


ns 


100 pF load 


T29 


Delay to set interrupt from MODEM 






70 


ns 


100 pF load 




input 












T30 


Delay to reset interrupt from IOR* 






70 


ns 


100 pF load 


T31 


Delay from stop to set interrupt 






iRclk 


ns 


100 pF load 


T32 


Delay from IOR* to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 


8 




24 








start 












T34 


Delay from stop to interrupt 






100 


ns 




T35 


Delay from IOW* to reset interrupt 






175 


ns 




T36 


Delay from initial Write to interrupt 


16 




24 


* 




T44 


Delay from stop to set RxRdy 






1rclk 






T45 


Delay from IOR* to reset RxRdy 






1 


^lS 




T46 


Delay from IOW* to set TxRdy 






195 


ns 




T47 


Delay from start to reset TxRdy 






8 


* 




N 


Baud rate devisor 


1 




216-1 







Note 1: * = Baudout* cycle 
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A0-A2 



CHSEL 



CS* 



IOW* 




I 

T12 N T13 



D0-D7 




162552-WD-1 
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RECEIVE TIMING 



RX 



INTx 



IOR* 



START BIT 
H 



DATA BITS (5-8) 



STOP BIT 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 




16 BAUD RATE CLOCK 



N 

162450-RX-1 
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RXRDY TIMING FOR MODE M 0" 

START BIT 
H 

W 



DATA BITS (5-8) 



STOP BIT 



RX 

(First byte) 





D1 


D2 


D3 


D4 


D5 


D6 


D7 
















_7 



5 DATA BITS 




PARITY BIT 



6 DATA BITS 



H4- 



7 DATA BITS 



-W 



WT44 



RXRDY* 



IOR* 



k HT45 



O 

Ol 

ro 



16552-RX-2 
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RXRDY TIMING FOR MODE "1" 



RX 



START BIT 



DATA BITS (5-8) 



STOP BIT 



m 














m 


!°° 


D1 


D2 


D3 


D4 


D5 


D6 


07 \ 

_7 



5 DATA BITS 




PARITY BIT 



6 DATA BITS 



7 DATA BITS 



First byte that reaches 
the trigger level 



RXRDY* 



IOR* 



\4 ► T45 



16552-RX-3 
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TRANSMIT TIMING 



TX 



INTx 



IOW* 



START BIT 
H 



DATA BITS (5-8) 



STOP BIT 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



5 DATA BITS 



-W 



D7 



6 DATA BITS 



7 DATA BITS 



->| \4~ T33 



PARITY BIT 



NEXT 
DATA 
START BIT 



-W W- T34 



l l 

T35 -W M- 

I 



16 BAUD RATE CLOCK 



M 

162450-TX-1 



O 

K> 
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TXRDY TIMING FOR MODE "0" 

START BIT 
H 



TX 



IOW* 



D0-D7 



TXRDY* 



DATA BITS (5-8) 



STOP BIT 



^ DO 


D1 


D2 


D3 


D4 


D5 


D6 


D7 



















5 DATA BITS 




PARITY BIT 



6 DATA BITS 



7 DATA BITS 



BYTE #1 



T46 



\<- T47 



16552-TX-2 
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TXRDY TIMING FOR MODE "1" 



CO 



o 

Oi 



IOW* 



D0-D7 



TXRDY* 



START BIT 



DATA BITS (5-8) 



STOP BIT 





W 














W 


TX 


VJ do 


D1 


D2 


D3 


D4 


D5 


D6 


07 \ 




\BYTE #16 



5 DATA BITS 



PARITY BIT 



6 DATA BITS 



7 DATA BITS 



T46 



-W \+ T47 



l/ 



FIFO FULL 



16552-TX-3 
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STARTECH ST16C550 

An 25* EXflRCompany Printed August 3, 1995 

UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs 



DESCRIPTION 



The ST16C550 is a universal asynchronous receiver 
and transmitter with 16 byte transmit and receive 
FIFO. A programmable baud rate generator is pro- 
vided to select transmit and receive clock rates from 
50Hz to 1.5 MHz. 

The ST16C550 is an improved version of the 
NS16C550 UART with higher operating speed and 
lower access time. The ST16C550 on board status 
registers provides the error conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C550 
provides internal loop-back capability for on board 
diagnostic testing. 

The ST16C550 is fabricated in an advanced 1.2u, 
CMOS process to achieve low drain power and high 
speed requirements. 
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FEATURES 



» Pin to pin and functional compatible to 
NS1 6550, VL1 6C550, WD1 6C550 

• 16 byte transmit FIFO 

• 16 byte receive FIFO with error flags 

» Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl*, CD*) 

► Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

► Independent transmit and receive control 
» TTL compatible inputs, outputs 

» Software compatible with INS8250, NS16C550 

• 460.8 kHz transmit/receive operation with 7.372 
MHz crystal or external clock source 



ORDERING INFORMATION 



Part number 

ST16C550CP40 

ST16C550CJ44 

ST16C550CQ52 

ST16C550CQ48 



Package Operating temperature 
Plastic-DIP 0° C to + 70° C 
PLCC 0° C to + 70° C 

QFP 0° C to + 70° C 

TQFP 0° C to + 70° C 



"Industrial operating range are available 
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SYMBOL DESCRIPTION 



Symbol 


Pin 
40 44 


Signal Type 


Pin Description 


D0-D7 


1-8 


2-9 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RCLK 


9 


10 


I 


Receive clock input. The external clock input to the 
ST1 6C550 receiver section if receiver data rate is different 

frnm tran^mittpr fiat a rafp 
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RX 


10 


11 


I 


Serial data input. The serial information (data) received 
from serial port to ST16C550 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
local loopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


TX 


11 


13 





Serial data output. The serial data is transmitted via this pin 
with additional start , stop and parity bits. The TX will be held 
in mark (high) state during reset, local loopback mode or 
when the transmitter is disabled. 


CSO 


12 


14 


I 


Chip select 1 . (active high) A high at this pin enables the 
ST16C550 / CPU data transfer operation. 


CS1 


13 


15 


I 


Chip select 2. (active high) A high at this pin enables the 
ST16C550 / CPU data transfer operation. 


CS2* 


14 


16 


I 


Chip select 3. (active low) A low at this pin (while CS0=1 
and CS1=1) will enable the ST16C550 / CPU data transfer 
operation. 


BAUDOUT* 


15 


17 


o 


Baud rate generator clock output. This output provides the 
16x clock of the internal selected baud rate. RCLK pin is 
connected externally to BAUDOUT* pin to provide receive 
clock. , 


XTAL1 


16 


18 


I 


Crystal input 1 or external clock input. A crystal can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generator for custom transmis- 
sion rates. 
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SYMBOL DESCRIPTION 



Symbol 


Pin 
40 44 


Signal Type 


Pin Description 


XTAL2 


17 


19 
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IOW* 


18 


20 


I 


Write strobe, (active low) A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


IOW 


19 


21 


I 


Write strobe, (active high) Same as IOW*, but uses active 
hioh innut Notp that onlv an active IOW* or IOW innut 
required to transfer data from CPU to ST16C550 during 
write operation. All the unused pin should be tied to VCC or 
GND. 


GND 


20 


22 





Signal and power ground. 


IOR* 


21 


24 


I 


Read strobe, (active low) A low level on this pin transfers 
the contents of the ST16C550 data bus to the CPU. 


IOR 


22 


25 


I 


Read strobe, (active high) Same as IOR*, but uses active 
high input. Note that only an active IOR* or IOR input is 
required to transfer data from ST16C550 to CPU during 
read operation. All the unused pin should be tied to VCC 
or GND. 


DDIS* 


23 


26 


O 


Drive disable, (active low) This pin goes low when the CPU 
is reading data from the ST16C550 to disable the external 
transceiver or logic's. 


TXRDY* 


24 


27 


O 


Transmit ready, (active low) This pin goes high when the 
transmit FIFO of the ST16C550 is full. It can be used as a 
single or multi-transfer. 


AS* 


25 


28 


I 


Address strobe, (active low) A low on this pin will latch the 
state of the chip selects and addressed register (A2-A0). 
This input is used when signals are not stable for the 
duration of a read or write operation. If not required, tie the 
AS* input permanently low. 


A2 


26 


29 


I 


Address select line 2. To select internal registers. 


A1 


27 


30 


I 


Address select line 1 . To select internal registers. 
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SYMBOL DESCRIPTION 



Symbol 


Pin 
40 44 


Signal Type 


Pin Description 


AO 


28 


31 


I 


Address select line 0. To select internal registers. 


RXRDY* 


29 


32 


O 


Receive ready, (active low) This pin goes low when the 
receive FIFO is full. It can be used as a single or multi- 
transfer. 


INT 


30 


33 


O 


Interrupt output, (active high) This pin goes high (when 
enabled by the interrupt enable register) whenever a re- 
ceiver error, receiver data available, transmitter empty, or 
modem status condition flag is detected. 


OP2* 


31 


35 


O 


General purpose output, (active low) User defined output. 
See bit-3 modem control register (MCR bit-3). 


RTS* 


32 


36 


O 


Request to send, (active low) To indicate that the transmit- 
ter has data ready to send. Writing a "1" in the modem 

UUIILIUI IcyioltM ^IVIOrv Ull- I ) Will otJl Ullo pill IU a IUW oldie. 

After the reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion. 


DTR* 


33 


37 


O 


Data terminal ready, (active low) To indicate that 
ST16C550 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1 " at the MCR bit-0 will set the DTR* output to Sow. 
This pin will be set to high state after writing a "0" to that 
register or after the reset . Note that this pin does not have 
any effect on the transmit or receive operation. 


OP1* 


34 


38 


O 


General purpose output, (active low) User defined output. 
See bit-2 of modem control register (MCR bit-2). 


RESET 


35 


39 


I 


Master reset, (active high) A high on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CTS* 


36 


40 


I 


Clear to send, (active low) The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR BIT-4. CTS* has no effect on the transmit 
or receive operation. 
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SYMBOL DESCRIPTION 



Symbol 


Pin 
40 44 


Signal Type 


Pin Description 


DSR* 


37 


41 


I 


Data set ready, (active low) A low on this pin indicates the 
MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


CD* 


38 


42 


I 


Carrier detect, (active low) A low on this pin indicates the 
carrier has been detected by the modem. 


Rl* 


39 


43 


I 


Ring detect indicator, (active low) A low on this pin indicates 
the modem has received a ringing signal from telephone 
line. 


VCC 


40 


44 


I 


Power supply input. 



PROGRAMMING TABLE 



A2 


lillii 


AO 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Interrupt Enable Register 





1 





Interrupt Status Register 


FIFO Control Register 





1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 
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ST16C550 ACCESSIBLE REGISTERS 



AO A 4 AH 
MZ Ml MU 


Register 


Dl 1 -/ 


Dl I -D 


Dl I -O 


Dl I -4 


Dl I -O 


PIT O 
Dl I -Z 


QIT A 
Dl I -1 


Dl 1 -U 





RHR 


bit-7 


bit-6 


bit-5 
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bit-0 


n n n 
u u u 


i UK 


Kit 7 
DIW 


Kit A 
Dll-D 


Kit Z 


Kit A 
Dll-4 


Kit 1 


Kit O 
Dll-Z 


Kit 1 


Kit n 
Dll-U 
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IER 
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10 


FCR 


RCVR 
trigger 
(MSB) 


RCVR 
trigger 
(LSB) 


o 


o 


DMA 
mode 
select 


XMIT 
FIFO 
reset 


RCVR 
FIFO 
reset 


FIFO 
enable 


n 1 n 


lorx 


n/ 
u/ 

FIFOs 

enabled 


n/ 
u/ 

FIFOs 

enabled 


u 


u 


int 
INI 

priority 
bit-2 


int 
INI 

priority 
bit-1 


int 
INI 

priority 
bit-0 


int 
INI 

status 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 


10 


MCR 











loop 
back 


OP2* 


OP1* 


RTS* 


DTR* 


1 1 


LSR 


0/ 
FIFO 
error 


trans, 
empty 


trans, 
holding 
empty 


break 
interrupt 


framing 
error 


parity 
error 


overrun 
error 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


f 


DLM 


bit-15 


bit-14 


bit-13 


bit-12 


bit-11 


bit-10 


bit-9 


bit-S 



DLL and DLM are accessible only when LCR bit-7 is set to "1". 
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REGISTER FUNCTIONAL DESCRIPTIONS 
TRANSMIT AND RECEIVE HOLDING REGISTER 

The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 

On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiver status codes will 
be posted in the Line Status Register. 



FIFO INTERRUPT MODE OPERATION 



FIFO POLLED MODE OPERATION 

When FCR BIT-0=1 ; resetting IER BIT 3-0 to zero puts 
the ST16C550 in the FIFO polled mode of operation. 
Since the receiver and transmitter are controlled 
separately either one or both can be in the polled mode 
operation by utilizing the Line Status Register. 

A) LSR BIT-0 will be set as long as there is one byte 
in the receive FIFO. 

B) LSR BIT4-1 will specify which error(s) has oc- 
curred. 

C) LSR BIT-5 will indicate when the transmit FIFO is 
empty. 

D) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 

E) LSR BIT-7 will indicate when there are any errors 
in the receive FIFO. 

The ST1 6C550 requires to have two step FIFO enable 
operation in order to enable receive trigger levels. 



When the receive FIFO (FCR BIT-0=1) and receive 
interrupts (IER BIT-0=1) are enabled, receiver inter- 
rupt will occur as follows: 

A) The receive data available interrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will be cleared as soon as the 
FIFO drops below its programmed trigger level. 

B) The ISR receive data available indication also 
occurs when the FIFO trigger level is reached, and like 
the interrupt it is cleared when the FIFO drops below 
the trigger level. 

C) The data ready bit (LSR BIT-0) is set as soon as a 
character is transferred from the shift register to the 
receiver FIFO. It is reset when the FIFO is empty. 



PROGRAMMABLE BAUD RATE GENERATOR 

The ST16C550 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-24 MHz and dividing it by any divisor from 1 
to 2ie -1 . The output frequency of the Baudout* is 
equal to 16X of transmission baud rate (Baudout*=16 
x Baud Rate). Customize Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 



INTERRUPT ENABLE REGISTER (IER) 

The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 
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IER BIT-O: 

0=disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 

IER BIT-1: 

0=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 

IER BIT-2: 

0=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 

IER BIT-3: 

0=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 

IER BIT 7-4: 

All these bits are set to logic zero. 



INTERRUPT STATUS REGISTER (ISR) 

The ST16C550 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Interrupt Status Regis- 
ter (ISR) provides the source of the interrupt in priori- 
tized matter. During the read cycle the ST16C550 
provides the highest interrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized interrupt levels: 



Priority level 



p 


D3 


D2 


D1 


DO 


Source of the interrupt 


1 





1 


1 





LSR (Receiver Line Sta- 
tus Register) 


2 





1 








RXRDY (Received Data 
Ready) 


2* 


1 


1 








RXRDY (Receive Data 
time out) 


3 








1 





TXRDY ( Transmitter 
Holding Register Empty) 


4 














MSR (Modem Status 
Register) 



*RECEIVE TIME-OUT: 

This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 

Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40 / 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 

Example -B: If user programs the word length = 7, with 

parity and one stop bit, the time out will be: 

T = 4 X 7(programmed word length) + 12 = 40 bits 

Character time = 40 / 10 [ (programmed word length 

= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 

characters. 

ISR BIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 

1=no interrupt pending. 
ISR BIT 1-3: 

Logical combination of these bits, provides the high- 
est priority interrupt pending. 

ISR BIT 4-7: 

These bits are not used and are set to zero in 
ST16C450 mode. BIT 6-7: are set to "1" in ST16C550 
mode. 

FIFO CONTROL REGISTER (FCR) 

This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 

FCR BIT-0: 

0=Disable the transmit and receive FIFO. 
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1=Enable the transmit and receive FIFO. 

This bit should be enabled before setting the FIFO 

trigger levels. 

FCR BIT-1: 

0=No change. 

1=Clears the contents of the receive FIFO and resets 
its counter logic to (the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCR BIT-2: 

0=No change. 

1=Clearsthe contents of the transmit FIFO and resets 
its counter logic to (the transmit shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCR.BIT-3: 

0=No change. 

1=Changes RXRDY and TXRDY pins from mode "0" 
to mode "1". 

Transmit operation in mode "0": 
When ST1 6C550 is in ST1 6C450 mode ( FCR bit-0=0 
) or in the FIFO mode ( FCR bit-0=1, FCR bit-3=0 ) 
when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 

Receive operation in mode "0": 
When ST16C550 is in ST16C450 mode ( FCR bit-0=0 
) or in the FIFO mode ( FCR bit-0=1 , FCR bit-3=0) and 
there is at least 1 character in the receive FIFO, the 
RXRDY* pin will go low. Once active the RXRDY* pin 
will go high (inactive) when there are no more charac- 
ters in the receiver. 

Transmit operation in mode "1": 
When ST16C550 is in FIFO mode ( FCR bit-0=1 , FCR 
bit-3=1 ) the TXRDY* pin will become high (inactive) 
when the transmit FIFO is completely full. It will be low 
if one or more FIFO locations are empty. 



Receive operation in mode "1": 
When ST1 6C550 is in FIFO mode ( FCR bit-0=1 , FCR 
bit-3=1 ) and the trigger level or the timeout has been 
reached, the RXRDY* pin will go low. Once it is 
activated it will go high (inactive) when there are no 
more characters in the FIFO. 

FCR BIT 4-5: 

Not used. 

FCR BIT 6-7: 

These bits are used to set the trigger level for the 
receiver FIFO interrupt. 



BIT-7 


liBiill 


FIFO trigger level 








01 





1 


04 


1 





08 


1 


1 


14 



LINE CONTROL REGISTER (LCR) 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCR BIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 



BIT-1 


BIT-0 


Word length 








5 





1 


6 


1 





7 


1 


1 


8 



LCR BIT-2: 

The number of stop bits can be specified by this bit. 
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BIT-2 


Word length 


Stop bit(s) 





5,6,7,8 


1 


1 


5 


1-1/2 


1 


6,7,8 


2 



LCR BIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 

LCR BIT-4: 

If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 

0=ODD parity is generated by forcing an odd number 
of 1 's in the transmitted data, receiver also checks for 
same format. 

1 = EVEN parity bit is generated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 

LCR BIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
'T in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 

LCR BIT-6: 

Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
0=normal operating condition. 
1 =forces the transmitter output (TX) to go low to alert 
the communication terminal. 

LCRBIT-7: 

The internal baud rate counter latch enable (DLAB). 
O=normal operation. 
1=select divisor latch register. 



MODEM CONTROL REGISTER (MCR) 

This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCR BIT-O: 

O=force DTR* output to high. 
1 =force DTR* output to low. 

MCR BIT-1: 

O=force RTS* output to high. 
1 =force RTS* output to low. 

MCR BIT-2: 

0=set OP1* output to high. 
1=set 0P1* output to low. 

MCR BIT-3: 

0=set 0P2* output to high. 
1=set OP2* output to low. 

MCR BIT-4: 

O=normal operating mode. 

1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) , CTS*, DSR*, CD*, and Rl* are 
disabled. Internally the transmitter output is con- 
nected to the receiver input and DTR*, RTS*, OP1* 
and OP2* are connected to modem control inputs. 
In this mode , the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
now the lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER . 

MCR BIT 5-7: 

Not used. Are set to zero permanently. 

LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 

LSR BIT-O: 

0=no data in receive holding register or FIFO. 
1=data has been received and saved in the receive 
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holding register or FIFO. 
LSRBIT-1: 

0=no overrun error (normal). 
1=overrun error, next character arrived before receive 
holding register was emptied or if FIFOs are enabled, 
an overrun error will occur only after the FIFO is full 
and the next character has been completely received 
in the shift register. Note that character in the shift 
register is overwritten, but it is not transferred to the 
FIFO. 

LSR BIT-2: 

0=no parity error (normal). 

1= parity error, received data does not have correct 
parity information. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 

LSR BIT-3: 

0=no framing error (normal). 
1=framing error received, received data did not have 
a valid stop bit. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 

LSR BIT-4: 

0=no break condition (normal). 
1= receiver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character is loaded into the FIFO. 

LSRBlT-5: 

0=transmit holding register is full. ST16C550 will not 
accept any data for transmission. 
1 transmit holding register (or FIFO ) is empty. CPU 
can load the next character. 

LSR BIT-6: 

0=transmitter holding and shift registers are full. 
1 transmitter holding and shift registers are empty. In 
FIFO mode this bit is set to one whenever the trans- 
mitter FIFO and transmit shift register are empty. 

LSR BIT-7: 

0=Normal. 

1=At least one parity error, framing error or break 
indication in the FIFO. This bit is cleared when LSR is 
read. 



MODEM STATUS REGISTER (MSR) 

This register provides the current state of the control 
lines from the modem or peripheral to the GPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 

MSR BIT-0: 

Indicates that the CTS* input to the ST16C550 has 
changed state since the last time it was read. 

MSR BIT-1: 

Indicates that the DSR* input to the ST16C550 has 
changed state since the last time it was read. 
MSR BIT-2: 

Indicates that the Rl* input to the ST16C550 has 
changed from a low to a high state. 

MSR BIT-3: 

Indicates that the CD* input to the ST16C550 has 
changed state since the last time it was read. 

MSR BIT-4: 

This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 

MSR BIT-5: 

This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 

MSR BIT-6: 

This bit is equivalent to OP1 in the MCR during local 
loop-back mode. It is the compliment of the Rl* input. 

MSR BIT-7: 

This bit is equivalent to OP2 in the MCR during local 
loop-back mode. It is the compliment to the CD* input. 

Note: Whenever MSR BIT3-0: is set to logic "T, a 
MODEM Status Interrupt is generated. 
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SCRATCHPAD REGISTER (SR) 

ST16C550 provides a temporary data register to store 
8 bits of information for variable use. 



BAUD RATE GENERATOR PROGRAMMING 
TABLE (1 .8432 MHz CLOCK): 



ST16C550 EXTERNAL RESET CONDITION 



BAUD RATE 


16 x CLOCK 
DIVISOR 


% ERROR 


50 


2304 




75 


1536 




110 


1047 


0.026 


134.5 


857 


0.058 


150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




3600 


32 




4800 


24 




7200 


16 




9600 


12 




19.2K 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 





REGISTERS 


RESET STATE 


IER 


IER BITS 0-7=0 


ISR 


ISR BIT-0=1, ISR BITS 1-7=0 


LCR 


LCR BITS 0-7=0 


MCR 


MCR BITS 0-7=0 


LSR 


LSR BITS 0-4=0, 




LSR BITS 5-6=1 LSR, BIT 7=0 


MSR 


MSR BITS 0-3=0, 




MSR BITS 4-7=input signals 


FCR 


FCR BITS 0-7=0 



SIGNALS 


RESET STATE 


TX 


High 


OP1* 


High 


OP2* 


High 


RTS* 


High 


DTR* 


High 


RXRDY* 


High 


TXRDY* 


Low 


INT 


Low 
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T A =0° - 70° C, Vcc=3.3 - 5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














Ti 


Clock high pulse duration 


20 






ns 




T 2 


Clock low pulse duration 


20 






ns 




Tz 


Clock rise/fall time 






10 


ns 






Baud out rise/fall time 






100 


ns 


100 pF load 


Ts 


Address strobe width 


30 






ns 




Te 


Address setup time 


30 






ns 




T? 


Address hold time 


5 






ns 




Ts 


Chip select setup time 


5 






ns 




Tg 


Chip select hold time 









ns 




T10 


CSOUT delay from chip select 


10 




25 


ns 




T11 


IOR* to DDIS* delay 






25 


ns 


100 pF load 


T12 


Data setup time 


15 






ns 


Note: 1 


Tl3 


Data hold time 


15 






ns 


Note: 1 


T14 


IOW* delay from chip select 


10 






ns 


Note: 1 


Tl5 


IOW* strobe width 


50 






ns 




T16 


Chip select hold time from IOW* 









ns 


Note: 1 


Tl7 


Write cycle delay 


55 






ns 




Tw 


Write cycle=Ti5+Ti7 


105 






ns 




T19 


Data hold time 


15 




25 


ns 




T21 


IOR* delay from chip select 


10 






ns 


Note: 1 


T23 


IOR* strobe width 


65 






ns 




T24 


Chip select hold time from IOR* 









ns 


Note: 1 


T25 


Read cycle delay 


55 






ns 




Tr 


Read cycle=T 2 3+T25 


115 






ns 




T26 


Delay from IOR* to data 






35 


ns 


100 pF load 


T28 


Delay from IOW* to output 






50 


ns 


100 pF load 


T29 


Delay to set interrupt from MODEM 






70 


ns 


100 pF load 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=3.3 - 5.0 V ± 10% unless otherwise specified. 





r«i cii 1 icici 




1 imitc 
L.11 mid 




Units 


V*U|IVIIIIWII9 






Min 


Typ 


Max 
















T30 


Delay to reset interrupt from IOR* 






70 


ns 


100 pF load 




input 












T31 


Delay from stop to set interrupt 






1 RClk 




100 pF load 


T32 


Delay from IOR* to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 


8 




24 








start 












T34 


Delay from stop to interrupt 






100 


ns 




T35 


Delay from IOW* to reset interrupt 






175 


ns 




T44 


Delay from stop to set RxRdy 






1 RCLK 






T45 


Delay from IOR* to reset RxRdy 






1 


^lS 




T46 


Delay from IOW* to set TxRdy 






195 


ns 




T47 


Delay from start to reset TxRdy 






8 


* 




N 


Baud rate devisor 


1 




216-1 







Note 1 : Applicable only when AS* is tied low 
* = Baudout* cycle 



52 Pin QFP Package 



N.C. [T] 
D5 |_2_ 



RCLK [ 

N.C. [IT 

RX [jT 

TX [jT 

cso [ 

CS1 [ 

CS2* [IT 

BAUDOUT* \j2_ 



o 



ST16C550CQ52 



39 | N.C. 

~~38~l RESET 

37~] OP1* 

~36l DTR* 

35] RTS* 

34~| OP2* 

33~| INT 

32~| RXRDY* 

31 J AO 

30 I A1 

29~] A2 

28] N.C. 

27 | N.C. 



6 u 2 25 1 ° 

z 5 t - 



RCLK 
N.C. 



CE 
LT 
[Z 
[E 
CH 
[Z 



CSO 
CS1 
CS2* 



EE 
CZ 



BAUDOUT* 12 



48 Pin TQFP Package 



o . ac v> ,i 

O — O 0) H • 
> K O Q O Z 



O 



ST16C550CQ48 



36 I N.C. 

35 | RESET 

34] OP1* 

33 I DTR* 

32 I RTS* 

31~| OP2* 

30] INT 

29~| RXRDY* 

28~] AO 

27 I A1 

261 A2 



* 1 p 1 1 1 1 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=3.3 - 5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 








Typ 


Max 
















VlLCK 


Clock input low level 


-0.5 




0.6 


V 


Vcc=5.0 V 


VlHCK 


Clock input high level 


3.0 




VCC 


V 


Vcc=5.0 V 


VlL 


Input low level 


-0.5 




0.8 


V 


Vcc=5.0 V 


VlH 


Input high level 


2.2 




VCC 


V 


Vcc=5.0 V 


Vol 


Output low level on all outputs 






0.4 


V 


Iol= 6 mA 


Voh 


Output high level 


2.4 






V 


Ioh= -6 mA 


IlL 


Input leakage 






±10 


LlA 




la. 


Clock leakage 






±10 


LlA 




VlLCK 


Clock input low level 


-0.3 




0.8 


V 


Vcc=3.0 V 


VlHCK 


Clock input high level 


2.4 




VCC 


V 


Vcc=3.0 V 


VlL 


Input low level 


-0.3 




0.8 


V 


Vcc=3.0 V 


VlH 


Input high level 


2.0 




VCC 


V 


Vcc=3.0 V 


Vol 


Output low level on all outputs 






0.4 


V 


Vcc=3.0 V, Iol= 














4.2 mA 


Voh 


Output high level 


2.0 






V 


Vcc=3.0 V, Ioh= -1 














mA 


Ice 


Avg power supply current 




0.6 


0.8 


mA 


Vcc=3.0 V 
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CLOCK PERIOD CLOCK PERIOD 



BAUDOUT* TIMING 

T4 T4 




16450-CK-1 
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GENERAL READ TIMING 




16450-RD-1 
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16450-WD-1 
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MODEM TIMING 



IO\AT Y \ 

,ow y\ k. 

i 



|Oi T28 



RTS* 

DTR* / 



\.r- 
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RECEIVE TIMING 



RX 



INT 



IOR* 
IOR 



START BIT 
H 



DATA BITS (5-8) 



STOP BIT 



-W 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



5 DATA BITS 



07 



6 DATA BITS 



7 DATA BITS 



PARITY BIT 



NEXT 
DATA 
START BIT 



->| K- T31 



I I 

T32 -W W- 

I 



/\ A 



16 BAUD RATE CLOCK 



W 

16450-RX-1 
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RXRDY TIMING FOR MODE "0" 

START BIT 
H 

N 



DATA BITS (5-8) 



STOP BIT 



RX 

(First byte) 



;» 


D1 


D2 


D3 


D4 


D5 


D6 


D7 
















-j 



K- 




5 DATA BITS 



PARITY BIT 



6 DATA BITS 



7 DATA BITS 



T44 



RXRDY* 



IOR* 
IOR 



\4 HT45 



16550-RX-2 
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RXRDY TIMING FOR MODE "1" 



START BIT 



DATA BITS (5-8) 



STOP BIT 



w — 














N 


RX ^ ^ DO 


D1 


D2 


D3 


D4 


D5 


D6 


D7 ) 



5 DATA BITS 




PARITY BIT 



6 DATA BITS 



7 DATA BITS 



First byte that reaches 
the trigger level 



T44 



RXRDY* 



IOR* 
IOR 



\4 HT45 

J/ V A" 

V V 



16550-RX-3 
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TRANSMIT TIMING 



TX 



INT 



IOW* 
IOW 



START BIT 
H 



DO 



■>| |<- T33 



DATA BITS (5-8) 



D1 



D2 



D3 



D4 



D5 



5 DATA BITS 



D6 



6 DATA BITS 



STOP BIT 



D7 



7 DATA BITS 



PARITY BIT 

I 



NEXT 
DATA 
START BIT 



->| K- T34 



T35 >H K- 




H 

16450-TX-1 



16 BAUD RATE CLOCK 
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TXRDY TIMING FOR MODE "0" 

START BIT 
H 



TX 



IOW* 
IOW 



D0-D7 



TXRDY* 



DATA BITS (5-8) 



STOP BIT 



\ D0 


D1 


D2 


D3 


D4 


D5 


D6 


D7 




















5 DATA BITS 



PARITY BIT 



6 DATA BITS 



7 DATA BITS 



/( BYTE #1 ; 



T46 



-►I \+ T47 



16550-TX-2 
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TXRDY TIMING FOR MODE "1" 



TX 



IOW* 
IOW 



D0-D7 



TXRDY* 



START BIT 
H 



/ \ 



DATA BITS (5-8) 



STOP BIT 



;» 


D1 


D2 


D3 


D4 


D5 


D6 07 

















\4- 



XBYTE #16 



\ 



5 DATA BITS 




PARITY BIT 



6 DATA BITS 



7 DATA BITS 



T46 



-W |«- T47 



\l 



FIFO FULL 



16550-TX-3 
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» STARTECH ST16C554D 

An JE* EX<lRCompany Printed August 3, 1995 

QUAD ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs 



DESCRIPTION 



The ST16C554 is a universal asynchronous receiver 
and transmitter with 16 byte transmit and receive 
FIFO. A programmable baud rate generator is 
provided to select transmit and receive clock rates 
from 50Hz to 1.5 MHz. 

The ST16C554 is an improved version of the 
NS16C550 UART with higher operating speed and 
lower access time. The ST16C554 on board status 
registers provides the error conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C554 
provides internal loop-back capability for on board 
diagnostic testing. 

The ST16C554 is fabricated in an advanced 1.2^ 
CMOS process to achieve low drain power and high 
speed requirements. 



FEATURES 



• Pin to pin and functional compatible to ST16C454 

• 16 byte transmit FIFO 

• 16 byte receive FIFO with error flags 

• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl*, CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

• Status report register 

• Independent transmit and receive control 

• TTL compatible inputs, outputs 

• Software compatible with INS8250, NS16C550 

• 460.8 kHz transmit/receive operation with 7.372 
MHz crystal or external clock source 



ORDERING INFORMATION 



Part number Package 

ST16C554CQ64 QFP 

ST16C554DCQ64 QFP 

ST16C554DCJ68 PLCC 

ST16C554DIJ68 PLCC 



Operating temperature 

0° C to + 70° C 
0° C to + 70° C 
0° C to + 70° C 
-40° C to + 85° C 



PLCC Package 



DSRA* [juT 
CTSA* [~TT 
DTRA" \j2_ 

vcc pnr 

RTSA* [TT 

INTA [vT 

CSA" \j£ 

TXA \W 

IOW" [jfT 

TXB jjjT 

CSB* [JcT 

INTB [TT 

RTSB* \zT 

GND [IT 

DTRB* [j^T 

CTSB" (liT 



Q Q Q _ 



2 S 



ills'"" 

F1HF1F1HHRHI»llsll»llsll»l|gl|gll51 



o 



ST16C554DCJ68 



~60] DSRD* 
~59~1 CTSD* 
DTRD* 
~57~l GND 
~S6l RTSD" 
IT] INTD 
"TT] CSD' 
~S3~1 TXD 
~52~1 IOR" 
"S1~| TXC 
"so] CSC 
li] INTC 
"48~] RTSC' 

~aT] vcc 

IF] DTRC* 
~4S] CTSC 



x x K g >< 



QFP Package 



8 I Z 



i § 



DSRA* [j2 

CTSA* [IT 

DTRA* I 3 

VCC I 4 

RTSA' [J^ 

INTA [T^ 

CSA' [T] 

TXA \JT 

iow JjT 

TXB [l0^ 

CSB* (jT 

INTB [~12~ 

RTSB* 

GND I 14 

DTRB* 

CTSB* | 16 



O 



ST16C554CQ64 



48 | DSRD* 

~47~| CTSD* 

~46~| DTRD' 

~45~| GND 

~44~| RTSD* 

~43~"j INTD 

~42~| CSD* 

"41~| TXD 

40 I IOR* 

39 I TXC 

~38~] CSC* 

"37~| INTC 

36 I RTSC' 

VCC 

~34~1 DTRC 

33 I CTSC* 



3 3 



Rev. f.O 
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BLOCK DIAGRAM 



D0-D7 
I OR* 
WW* 
RESET 



A0-A2 
CSx* 



INTSEL 

INTx 
RXRDY* 
TXRDY* 



i i 

* 3 



Transmit 




Transmit 


FIFO 




Shift 


Registers 




Register 



I *s -a 
•U If 



c 

.S 




Clock 
& 

Baud Rate 
Generator 

JUL 





Receive 




Receive 




FIFO 




Shift 




Registers 




Register 



Modem 
Control 
Logic 



TXx 



RXx 



DTRx*,RTSx* 

CTSx* 
RIx* 
CD*x 
DSRx* 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


D0-D7 


5-66 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


RX A-B 
RX C-D 


7,29 
41,63 


I 


Serial data input. The serial information (data) received 
from serial port to ST16C554 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
local loopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


TX A-B 
TXC-D 


17,19 
51,53 


o 


Serial data output. The serial data is transmitted via this pin 
with additional start , stop and parity bits. The TX will be held 
in mark (high) state during reset, local loopback mode or 
when the transmitter is disabled. 


CS* A-B 
CS* C-D 


16,20 
50,54 


I 


Chip select, (active low) A low at this pin enables the 
ST16C554 / CPU data transfer operation. Each UART 
sections of the ST16C554 can be accessed independently. 


XTAL1 


35 


I 


Crystal input 1 or external clock input. A crystal can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generator for custom transmis- 
sion rates. 


XTAL2 


36 





Crystal input 2 or buffered clock output. See XTAL1. 


IOW* 


18 


I 


Write strobe, (active low) A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


GND 
GND 


6,23 
40,57 


o 


Signal and power ground. 


IOR* 


52 


I 


Read strobe, (active low) A low level on this pin transfers 
the contents of the ST16C554 data bus to the CPU. 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Sional Tvne 


Pin DesrriDtion 


TXRDY* 


39 





Transmit ready, (active low) This pin goes high when the 
transmit FIFO of the ST16C554 is full. It can be used as a 
single or multi-transfer. 


A2 


32 


1 


Address select line 2. To select internal registers. 


At 


33 


1 


Address select line 1 . To select internal registers. 


AO 


34 


1 


Address select line 0. To select internal registers. 


RXRDY* 


38 





Receive ready, (active low) This pin goes low when the 

rpppiwp jc full |t pan hp u<ipri a <?innlp or multi- 
icucivc nrv 10 iuii. 11 ociii uc uocu ao a oniyic \ji ilium 

transfer. 


INTSEL 


65 


1 


Interrupt type select. Enable /disable the interrupt three 
state function. Normal interrupt output can be selected by 
connecting this pin to VCC ( MCR bit-3 does not have any 
effect on the interrupt output ). The three state interrupt 
output is selected when this pin is left open or connected to 

fiMn ond MOR hit- 4 } qpt tn "1" 

1 N CIIIU IVI wlx Ull O lO oCl IU 1 


INT A-B 
INT C-D 


15,21 
49,55 


o 


Interrupt output, (active high) This pin goes high (when 
enabled by the interrupt enable register) whenever a re- 
ceiver error, receiver data available, transmitter empty, or 
modem status condition flag is detected. 


RTS* A-B 
RTS* C-D 


14,22 
48,56 


o 


Request to send, (active low) To indicate that the transmit- 
ter has data ready to send. Writing a "1" in the modem 
control register (MCR bit-1 ) will set this pin to a low state. 
After the reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion. 


DTR* A-B 
DTR* C-D 


12,24 
46,58 


o 


Data terminal ready, (active low) To indicate that 
ST16C554 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1 " at the MCR bit-0 will set the DTR* output to low. 
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Symbol 


Pin 


Signal Type 


Pin Description 








This pin will be set to high state after writing a "0" to that 
register or after the reset . Note that this pin does not have 
any effect on the transmit or receive operation. 


RESET 


37 


I 


Master reset, (active high) A high on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CTS* A-B 

CTS* C-D 


11,25 
45,59 


I 


Clear to send, (active low) The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR BIT-4. CTS* has no effect on the transmit 
or receive operation. 


DSR* A-B 
DSR* C-D 


10,26 
44,60 


I 


Data set ready, (active low) A low on this pin indicates the 
MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


CD* A-B 
CD* C-D 


9,27 
43,61 


I 


Carrier detect, (active low) A low on this pin indicates the 
carrier has been detected by the modem. 


Ri* A-B 
Rl* C-D 


8,28 
42,62 


! 


Ring detect indicator, (active low) A low on this pin indicates 
the modem has received a ringing signal from telephone 
line. 


VCC 
VCC 


13,30 
47,64 


S 


Power supply input. 
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ST16C554 ACCESSIBLE REGISTERS 



A2A1 AO 


Register 


BIT-7 


BIT-6 


BIT-5 


BlT-4 


BIT-3 


BIT-2 


BIT-1 


BIT-0 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


IER 














modem 
status 
interrupt 


receive 

line 
status 
interrupt 


transmit 
holding 
register 


receive 
holding 
register 


1 


FCR 


RCVR 

trinnor 

iiiyyui 
(MSB) 


RCVR 

trinnor 

if igycr 
(LSB) 








DMA 
mode 
select 


XMIT 

FIFO 
rlrw ^ 

reset 


RCVR 

FIFO 

reset 


FIFO 

U! IdUlt; 


1 


ISR 


0/ 
FIFOs 
enabled 


0/ 
FIFOs 
enabled 








int 
priority 
bit-2 


int 
priority 
bit-1 


int 
priority 
bit-0 


int 
status 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 


1 


MCR 











loop 


INT 

on a hi o 


Not 

UoCU 


RTS* 


DTR* 


1 1 


LSR 


0/ 
FIFO 
error 


trans, 
empty 


trans, 
holding 
empty 


break 
interrupt 


framing 
error 


parity 
error 


overrun 
error 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


DLM 


bit-15 


bit-14 


bit-13 


bit-12 


bit-11 


bit-1 


bit-9 


bit-8 



DLL and DLM are accessible only when LCR bit-7 is set to "1". 
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PROGRAMMING TABLE 



A2 


A1 


AO 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Interrupt Enable Register 





1 





Interrupt Status Register 


FIFO Control Register 





1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 



REGISTER FUNCTIONAL DESCRIPTIONS 

TRANSMIT AND RECEIVE HOLDING REGISTER 

The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 

On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiver status codes will 
be posted in the Line Status Register. 



FIFO INTERRUPT MODE OPERATION 

When the receive FIFO (FCR BIT-0=1) and receive 
interrupts (IER BIT-0=1) are enabled, receiver inter- 
rupt will occur as follows: 

A) The receive data available interrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will be cleared as soon as the 
FIFO drops below its programmed trigger level. 

B) The ISR receive data available indication also 
occurs when the FIFO trigger level is reached, and like 
the interrupt it is cleared when the FIFO drops below 
the trigger level. 

C) The data ready bit (LSR BIT-0) is set as soon as a 
character is transferred from the shift register to the 
receiver FIFO. It is reset when the FIFO is empty. 

FIFO POLLED MODE OPERATION 

When FCR BIT-0=1 ; resetting IER BIT 3-0to zero puts 
the ST16C554 in the FIFO polled mode of operation. 
Since the receiver and transmitter are controlled 
separately either one or both can be in the polled mode 
operation by utilizing the Line Status Register. 
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A) LSR BIT-0 will be set as long as there is one byte 
in the receive FIFO. 

B) LSR BIT4-1 will specify which error(s) has oc- 
curred. 

C) LSR BIT-5 will indicate when the transmit FIFO is 
empty. 

D) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 

E) LSR BIT-7 will indicate when there are any errors 
in the receive FIFO. 

The ST16C554 requires to have two step FIFO enable 
operation in order to enable receive trigger levels. 



PROGRAMMABLE BAUD RATE GENERATOR 



IER BIT-3: 

0=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 

IER BIT 7-4: 

All these bits are set to logic zero. 



INTERRUPT STATUS REGISTER (ISR) 

The ST16C554 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Interrupt Status Regis- 
ter (ISR) provides the source of the interrupt in priori- 
tized matter. During the read cycle the ST16C554 
provides the highest interrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized interrupt levels: 



The ST16C554 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-24 MHz and dividing it by any divisor from 1 
to 2ie -1 . The output frequency of the Baudout* is 
equal to 16X of transmission baud rate (Baudout*=16 
x Baud Rate). Customize Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 



INTERRUPT ENABLE REGISTER (IER) 

The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 

IER BIT-0: 

0=disable the receiver ready interrupt. 
1 =enable the receiver ready interrupt. 

IERBIT-1: 

0=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 

IERBIT-2: 

0=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 



Priority level 



p 


11 


111 


1111 


111 


Source of the interrupt 


1 





1 


1 





LSR (Receiver Line Sta- 












tus Register) 


2 





1 








RXRDY (Received Data 












Ready) 


2* 


1 


1 








RXRDY (Receive Data 












time out) 


3 








1 





TXRDY ( Transmitter 












Holding Register Empty) 


4 














MSR (Modem Status 












Register) 



'RECEIVE TIME-OUT: 

This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 
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Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40 / 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 

Example -B: If user programs the word length = 7, with 

parity and one stop bit, the time out will be: 

T = 4 X 7(programmed word length) + 12 = 40 bits 

Character time = 40 / 10 [ (programmed word length 

= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 

characters. 

ISR BIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 

1=no interrupt pending. 
ISR BIT 1-3: 

Logical combination of these bits, provides the high- 
est priority interrupt pending. 

ISR BIT 4-7: 

These bits are not used and are set to zero in 
ST16C450 mode. BIT 6-7: are set to "1" in ST16C554 
mode. 

FIFO CONTROL REGISTER (FCR) 

This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 

FCR BIT-0: 

0=Disable the transmit and receive FIFO. 
1=Enable the transmit and receive FIFO. 
This bit should be enabled before setting the FIFO 
trigger levels. 

FCRBIT-1: 

0=No change. 

1 =Clears the contents of the receive FIFO and resets 
its counter logic to (the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 



FCR BIT-2: 

0=No change. 

1=Clearsthe contents of the transmit FIFO and resets 
its counter logic to (the transmit shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCR BIT-3: 

0=No change. 

1=Changes RXRDY and TXRDY pins from mode "0" 
to mode "1". 

Transmit operation in mode "0": 
When ST1 6C554 is in ST1 6C450 mode ( FCR bit-0=0 
) or in the FIFO mode ( FCR bit-0=1 , FCR bit-3=0 ) 
when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 

Receive operation in mode "0": 
When ST1 6C554 is in ST1 6C450 mode ( FCR bit-0=0 
) or in the FIFO mode ( FCR bit-0=1 , FCR bit-3=0 ) and 
there is at least 1 character in the receive FIFO, the 
RXRDY* pin will go low. Once active the RXRDY* pin 
will go high (inactive) when there are no more charac- 
ters in the receiver. 

Transmit operation in mode "1": 
When ST16C554 is in ST16C550 mode ( FCR bit- 
0=1 , FCR bit-3=1 ) the TXRDY* pin will become high 
(inactive) when the transmit FIFO is completely full. It 
will be low if one or more FIFO locations are empty. 

Receive operation in mode "1": 
When ST16C554 is in ST16C550 mode ( FCR bit- 
0=1, FCR bit-3=1 ) and the trigger level or the timeout 
has been reached, the RXRDY* pin will go low. Once 
it is activated it will go high (inactive) when there are 
no more characters in the FIFO. 

FCR BIT 4-5: 

Not used. 

FCR BIT 6-7: 

These bits are used to set the trigger level for the 
receiver FIFO interrupt. 
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BIT-7 


BIT-S 


FIFO trigger level 








01 





1 


04 


1 





08 


1 


1 


14 



LCRBIT-4: 

If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 

0=ODD parity is generated by forcing an odd number 
of 1 's in the transmitted data, receiver also checks for 
same format. 

1 = EVEN parity bit is generated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 



LINE CONTROL REGISTER (LCR) 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCR BIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 



BIT-1 


BIT-G 


Word length 








5 





1 


6 


1 





7 


1 


1 


8 



LCR BIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 

LCR BST-6: 

Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
0=normal operating condition. 
1 =forces the transmitter output (TX) to go low to alert 
the communication terminal. 

LCR BIT-7: 

The internal baud rate counter latch enable (DLAB). 
0=normal operation. 
1=select divisor latch register. 



LCRBIT-2: 

The number of stop bits can be specified by this bit. 



Illtlll 


Word length 


Stop bit(s) 





5,6,7, 


1 


1 


5 


1-1/2 


1 


6,7,8 


2 



LCR BIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 



MODEM CONTROL REGISTER (MCR) 

This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCR BIT-0: 

0=force DTR* output to high. 
1=force DTR* output to low. 

MCR BIT-1: 

0=force RTS* output to high. 
1 =force RTS* output to low. 

MCR BIT-2: 

Not used, except in internal loop-back mode. 
MCR BIT-3: 

0=set the INT A-D output pin to three state mode.. 
1 -Enable the INT A-D output pin. 
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MCR BIT-4: 

0=normal operating mode. 

1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) , CTS*, DSR*, CD*, and Rl* are 
disabled. Internally the transmitter output is con- 
nected to the receiver input and DTR*, RTS*, MCR 
bit-2 and INT enable are connected to modem control 
inputs. 

In this mode , the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
now the lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER . 



MCR BIT 5-7: 

Not used. Are set to zero permanently. 

LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 

LSR BIT-0: 

0=no data in receive holding register or FIFO. 
1=data has been received and saved in the receive 
holding register or FIFO. 

LSRBIT-1: 

0=no overrun error (normal). 
1=overrun error, next character arrived before receive 
holding register was emptied or if FIFOs are enabled, 
an overrun error will occur only after the FIFO is full 
and the next character has been completely received 
in the shift register. Note that character in the shift 
register is overwritten, but it is not transferred to the 
FIFO. 

LSR BIT-2: 

0=no parity error (normal). 

1= parity error, received data does not have correct 
parity information. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 

LSR BIT-3: 

0=no framing error (normal). 

1=f naming error received, received data did not have 



a valid stop bit. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 

LSR BIT-4: 

0=no break condition (normal). 
1=receiver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character is loaded into the FIFO. 

LSR BIT-5: 

0=transmit holding register is full. ST16C554 will not 
accept any data for transmission. 
1=transmit holding register (or FIFO ) is empty. CPU 
can load the next character. 

LSR BIT-6: 

0=transmitter holding and shift registers are full. 
1 transmitter holding and shift registers are empty. In 
FIFO mode this bit is set to one whenever the trans- 
mitter FIFO and transmit shift register are empty. 

LSR BIT-7: 

0=Normal. 

1=At least one parity error, framing error or break 
indication in the FIFO. This bit is cleared when LSR is 
read. 



MODEM STATUS REGISTER (MSR) 

This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register 

MSR BIT-0: 

Indicates that the CTS* input to the ST16C554 has 
changed state since the last time it was read. 

MSRBIT-1: 

Indicates that the DSR* input to the ST16C554 has 
changed state since the last time it was read. 

MSR BIT-2: 

Indicates that the Rl* input to the ST16C554 has 
changed from a low to a high state. 
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MSR BIT-3: 

Indicates that the CD* input to the ST16C554 has 
changed state since the last time it was read. 

MSR BIT-4: 

This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 

MSR BIT-5: 

This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 

MSR BIT-6: 

This bit is equivalent to MCR bit-2 during local loop- 
back mode. It is the compliment of the Rl* input. 

MSR BIT-7: 

This bit is equivalent to INT enable in the MCR during 
local loop-back mode. It is the compliment to the CD* 
input. 

Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 

SCRATCHPAD REGISTER (SR) 

ST16C554 provides a temporary data registerto store 
8 bits of information for variable use. 



BAUD RATE GENERATOR PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 



BAUD RATE 


16 x CLOCK 
DIVISOR 


% ERROR 


50 


2304 




1 in 
I I u 




u.uzo 


150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




4800 


24 




7200 


16 




9600 


12 




19.2K 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 





ST16C554 EXTERNAL RESET CONDITION 



REGISTERS 


RESET STATE 


IER 


IER BITS 0-7=0 


ISR 


ISRBIT-0=1, ISR BITS 1-7=0 


LCR 


LCR BITS 0-7=0 


MCR 


MCR BITS 0-7=0 


LSR 


LSR BITS 0-4=0, 




LSR BITS 5-6=1 LSR, BIT 7=0 


MSR 


MSR BITS 0-3=0, 




MSR BITS 4-7=input signals 


FCR 


FCR BITS 0-7=0 



SIGNALS 


RESET STATE 


TX A-D 


High 


RTS* A-D 


High 


DTR* A-D 


High 


RXRDY* 


High 


TXRDY* 


Low 


INT A-D 


Three state mode 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=3.3 - 5.0 V ± 10% unless otherwise specified. 



Svmbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Tvd 


Max 










' Jr 






T1 


Clock high pulse duration 


20 






ns 




T2 


Clock low pulse duration 


20 






ns 




Ts 


Clock rise/fall time 






10 


ns 




Ts 


Chip select setup time 


5 






ns 




T 9 


Chip select hold time 









ns 




T12 


Data setup time 


15 






ns 




T13 


Data hold time 


15 






ns 




Tl4 


IOW* delay from chip select 


10 






ns 




Tl5 


IOW* strobe width 


50 






ns 




T16 


Chip select hold time from IOW* 









ns 




T17 


Write cycle delay 


55 






ns 




Tw 


Write cycle=Ti5+Ti7 


105 






ns 




Tl9 


Data hold time 


15 




25 


ns 




T21 


IOR* delay from chip select 


10 






ns 




T23 


IOR* strobe width 


65 






ns 




T24 


Chip select hold time from IOR* 









ns 




T25 


Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 




T26 


Delay from IOR* to data 






35 


ns 


100 pF load 


T28 


Delay from IOW* to output 






50 


ns 


100 pF load 


T29 


riplax/ tn ^pt intprnmt from MOr^PM 






1 \j 


1 10 


1 0n nF In ad 




input 












T30 


Delay to reset interrupt from IOR* 






70 


ns 


100 pF load 


T31 


Delay from stop to set interrupt 






iRclk 


ns 


100 pF load 


T32 


Delay from IOR* to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 


8 




24 


* 






start 












T34 


Delay from stop to interrupt 






100 


ns 




T35 


Delay from IOW* to reset interrupt 






175 


ns 




T44 


Delay from stop to set RxRdy 






1 RCLK 






T45 


Delay from IOR* to reset RxRdy 






1 


jlS 




T46 


Delay from IOW* to set TxRdy 






195 


ns 




T47 


Delay from start to reset TxRdy 






8 


* 




N 


Baud rate devisor 


1 




2l6-1 







Note 1 : * = Baudout* cycle 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=3.3 - 5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 
















VlLCK 


Clock input low level 


-0.5 




0.6 


V 




VlHCK 


Clock input high level 


3.0 




VCC 


V 




VlL 


Input low level 


-0.5 




0.8 


V 




VlH 


Input high level 


2.2 




VCC 


V 




Vol 


Output low level on all outputs 






0.4 


V 


Iol= 6 mA 


Voh 


Output high level 


2.4 






V 


Ioh= -6 mA 


Ice 


Avg power supply current 




6 


14 


mA 




I.L 


Input leakage 






±10 


[iA 




Id 


Clock leakage 






±10 


\iA 




VlLCK 


Clock input low level 


-0.3 




0.8 


V 


Vcc=3.0 V 


VlHCK 


Clock input high level 


2.4 




VCC 


V 


Vcc=3.0 V 


V,L 


Input low level 


-0.3 




0.8 


V 


Vcc=3.0 V 


VlH 


Input high level 


2.0 




VCC 


V 


Vcc=3.0 V 


Vol 


Output low level on all outputs 






0.4 


V 


Vcc=3.0 V, Iol= 














8.5 mA 


Voh 


Output high level 


2.0 






V 


Vcc=3.0 V, Ioh= -4 














mA 


Ice 


Avg power supply current 




10 


12 


mA 


Vcc=3.0 V 
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GENERAL WRITE TIMING 



A0-A2 



CSx* 



IOW* 



D0-D7 
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RXRDY TIMING FOR MODE "0" 
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RXRDY TIMING FOR MODE "1" 
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TRANSMIT TIMING 
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TXRDY TIMING FOR MODE "0" 
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TXRDY TIMING FOR MODE "1" 
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STARTECH ST68C554 

An US? EJWRCompany Printed August 3, 1995 

QUAD ASYNCHRONOUS RECEIVER AND TRANSMITTER WITH FIFO 



DESCRIPTION 



The ST68C554 is a quad universal asynchronous 
receiver and transmitter with FIFO and modem con- 
trol signals. Designed to interface with MOTOROLA, 
ROCKWELL, HITACHI bus and other popular micro- 
processors. An internal programmable baud rate gen- 
erator is provided to select transmit and receive clock 
rates from 50Hz to 1 .5 MHz. 
The ST68C554 is an improved, quad version of the 
NS16550 UART with faster operating access time. 
The on board status registers will provide the error 
conditions, type and status of the transfer operations 
being performed. Complete MODEM control capabil- 
ity, and a processor interrupt system that may be 
software tailored to the user's requirements to mini- 
mize the computing required to handle the communi- 
cations link. 

The ST68C554 is fabricated in an advanced 1.2u, 
CMOS process to achieve low drain power and high 
speed requirements. 



PLCC Package 
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FEATURES 



• Motorola, Rockwell, Hitachi bus compatible 
•Quad ST16C550 

• 16 byte transmit FIFO 

• 16 byte receive FIFO with error flags 

• Modem control signals (CTS*,RTS*, DSR*, DTR*, 
Rl*. CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

• Status report register 

• TTL compatible inputs, outputs 

• 460.8 kHz transmit/receive operation with 7.372 
MHz external clock source 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST68C554CJ68 PLCC 0° C to +70° C 

ST68C554IJ68 PLCC -40° C to +85° C 



Rev. 1.0 
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BLOCK DIAGRAM 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


D7-D0 

RX A/B 
RXC/D 


5-66 

7,29 
41,63 


I/O 

I 


Bi-directional data I/O. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 

Serial data input . The serial information received from 
MODEM or RS232 to ST68C554 receive circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
local loopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


TXA/B 
TXC/D 


17,19 
51,53 


o 


Serial data output A. The serial data of channel A is 
transmitted via this pin with additional start , stop and parity 
bits. The TX will be held in mark (high) state during reset, 
local loopback mode or when the transmitter is disabled. 


CS* 


16 


I 


Chip select (active low). A low at this pin will enable the 
UART A-D CPU data transfer operation. 


XTAL1 


35 


I 


Crystal input 1 or external clock input. A crystal can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generatorfor custom transmis- 
sion rates. 


XTAL2 


36 


o 


Crystal input 2. SeeXTAL.1. 


R/W* 


18 


I 


Read/Write strobe. A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. A 
high on this pin will transfer the contents of the ST68C554 
data bus to the CPU. 


CD* A/B 
CD* C/D 


9,27 
43,61 


I 


Carrier detect A-D (active low). A low on this pin indicates 
that carrier has been detected by the modem. 


GND 
GND 


6,23,31 
40,57 


o 


Signal and power ground. 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


DSR* A/B 
DSR* C/D 


10,26 
44,60 


I 


Data set ready A-D. (active low) A low on this pin indicates 
that MODEM is ready to exchange data with UART. 


RI*A/B 
Rl* C/D 


8,28 
42,62 


I 


Ring detect A-D indicator . (active low) A low on this pin 
indicates that modem has received a ringing signal from 
telephone line. 


RTS* A/B 
RTS* C/D 


14,22 
48,56 


O 


Request to send A-D. (active low) To indicate that transmit- 
ter has data ready to send. Writing a "1" in the modem 
control register (MCR bit-1 ) will set this pin to low state. 
After the reset this pin will be set to high. 


OTS* A/B 
CTS* C/D 


1 1 25 
45,59 


I 


Clear to send A-D. (active low) The CTS* signal s a 
MODEM control function input whose conditions can be 
tested by reading the MSR BIT-4. CTS* has no effect on the 
transmitter output. 


A4 


50 




Address line 4. To select one of the four UARTS. 


A3 


20 


1 


Address line 3. To select one of the four UARTS. 


A2 


32 




Address line 2. To select internal registers. 


A1 


33 




Address line 1 . To select internal registers. 


AO 


34 




Address line 0. To select internal registers. 


IRQ* 


15 


o 


Interrupt output, (active low open collector) This pin goes 
low (when enabled by the interrupt enable register) when- 
ever a receiver error, receiver data available, transmitter 
empty or modem status condition flag is detected on UART 
A-D. 


DTR* A/B 
DTR* C/D 


12,24 
46,58 





Data terminal ready A-D. (active low) To indicate that 
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Symbol 


Pin 


Signal Type 


Pin Description 








ST68C554 is ready to receive data. This pin can be 
controlled via the modern control register (MCR bit-0). 
Writing a "1" at the MCR bit-0 will set the DTR* output to low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset. 


RESET* 


37 


I 


Master reset, (active low) A low on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


VCC 
VCC 


13,30 
47,64 


I 


Power supply input. 


TXRDY* 


39 


O 


Transmit ready (active low). This pin goes high when the 
transmit FIFO of the ST68C554 (any one) is full. It can be 
used as a single or multi-transfer DMA. 


RXRDY* 


38 


o 


Receive ready (active low). This pin goes low when the 
receive FIFO of the ST68C554 is full. It can be used as a 
single or multi-transfer DMA. 



SERIAL PORT SELECTION GUIDE 



cs* 
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A3 


UARTX 


1 


X 
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X 











UART A 








1 


UART B 





1 





UART C 





1 


1 


UART D 
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PROGRAMMING TABLE 



A2 


A1 


AO 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Interrupt Enable Register 





1 





Interrupt Status Register 


FIFO Control Register 





1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 



REGISTER FUNCTIONAL DESCRIPTIONS 

TRANSMIT AND RECEIVE HOLDING REGISTER 
A-D 

The serial transmitter section consists of a Transmit 
Hold Register A-D and Transmit Shift Register A-D. 
The status of the transmit hold register is provided in 
the Line Status Register A-D. Writing to this register 
will transferthe contents of the data bus (D7-D0) to the 
transmit holding register A-D whenever the transmit- 
ter holding register A-D or transmitter shift register A- 
D is empty. The transmit holding register empty A-D 
flag will be set to "1" when the transmitter is empty or 
data is transferred to the transmit shift register A-D. 
Note that a write operation should be performed when 
the transmit holding register empty flag is set. 
On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX A-D is still low at the mid-bit sample of the 
start bit. Verifying the start bit prevents the receiver 
from assembling a false data character due to a low 
going noise spike on the RX A-D input. Receiverstatus 
codes will be posted in the Line Status Register A-D. 

FIFO INTERRUPT MODE OPERATION 

When the receive FIFO (FCR BIT-0=1) and receive 
interrupts (IER BIT-0=1) are enabled, receiver inter- 
rupt will occur as follows: 



A) The receive data available interrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will be cleared as soon as the 
FIFO drops below its programmed trigger level. 

B) The ISR receive data available indication also 
occurs when the FIFO trigger level is reached, and like 
the interrupt it is cleared when the FIFO drops below 
the trigger level. 

C) The data ready bit (LSR BIT-0) is set as soon as a 
character is transferred from the shift register to the 
receiver FIFO. It is reset when the FIFO is empty. 

FIFO POLLED MODE OPERATION 

When FCR BIT-0=1 ; resetting IER BIT 3-0 to zero puts 
the ST68C554 in the FIFO polled mode of operation. 
Since the receiver and transmitter are controlled 
separately either one or both can be in the polled mode 
operation by utilizing the Line Status Register. 

A) LSR BIT-0 will be set as long as there is one byte 
in the receive FIFO. 

B) LSR BIT4-1 will specify which error(s) has oc- 
curred. 

C) LSR BIT- 5 will indicate when the transmit FIFO is 
empty. 
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D) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 

E) LSR BIT-7 will indicate when there are any errors in 
the receive FIFO. 



videsthe highest interrupt level to be serviced by the 
CPU. No other interrupts are acknowledged until the 
particular interrupt has been serviced. The following 
are the prioritized interrupt levels: 



PROGRAMMABLE BAUD RATE GENERATOR 

The ST68C554 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-24 MHz and dividing it by any divisor from 1 
to 2ie -1 . Customize Baud Rates can be achieved by 
selecting proper divisor values for MSB and LSB of 
baud rate generator. 



INTERRUPT ENABLE REGISTER A-D 

The Interrupt Enable Register A-D masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the IRQ* 
output pin. 

IER BIT-0: 

0=disable the receiver ready interrupt 
1=enable the receiver ready interrupt 

IERBIT-1: 

0=disable transmitter empty interrupt 
1=enable transmitter empty interrupt 

IER BIT-2: 

0=disable receiver line status interrupt 
1=enable receiver line status interrupt 

IER BIT-3: \ 

0=disable the modem status register interrupt 
1=enable the modem status register interrupt 

IER BIT 7-4: 

All these bits are set to logic zero. 

INTERRUPT STATUS REGISTER A-D 

The ST68C554 provides four level prioritized interrupt 
conditions to minimize software overhead during data 
character transfers. The Interrupt Status Register A- 
D provides the source of the interrupt in prioritized 
manner. During the read cycle, the ST68C554 pro- 
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DO 


Source of the interrupt 
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LSR (Receiver Line Sta- 












tus Register) 
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RXRDY (Received Data 












Ready) 


2* 
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RXRDY (Receive Data 












time out) 


3 








1 





TXRDY ( Transmitter 












Holding Register Empty) 


4 














MSR (Modem Status 












Register) 



*RECEIVE TIME-OUT: 

This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 

Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40 / 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 

Example -B: If user programs the word length = 7, with 

parity and one stop bit, the time out will be: 

T = 4 X 7 (programmed word length) + 12 = 40 bits 

Character time = 40 / 10 [ (programmed word length 

= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 

characters. 
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ISRBIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine 

1=no interrupt pending 
ISR BIT 1-2: 

Logical combination of these bits, provides the high- 
est priority interrupt pending. 

ISR BIT 3-5: 

These bits are not used and are set zero. 

ISR BIT 6-7: 
0=Normal mode. 
1=FIFO's are enabled. 



Transmit operation in mode "0": 
When ST68C554 is in ST1 6C450 mode ( FCR bit-0=0 
) or in the FIFO mode ( FCR bit-0=1, FCR bit-3=0 ) 
when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 

Receive operation in mode "0": 
When ST68C554 is in ST1 6C450 mode ( FCR bit-0=0 
) or in the FIFO mode ( FCR bit-0=1 , FCR bit-3=0) and 
there is at least 1 character in the receive FIFO, the 
RXRDY* pin will go low. Once active the RXRDY* pin 
will go high (inactive) when there are no more charac- 
ters in the receiver. 



FIFO CONTROL REGISTER (FCR) 

This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 

FCR BIT-0: 

0=Disable the transmit and receive FIFO. 
1=Enable the transmit and receive FIFO. 

FCRBIT-1: 

0=No change. 

1 =Clears the contents of the receive FIFO and resets 
its counter logic to (the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 



Transmit operation in mode "1": 
When ST68C554 is in ST16C550 mode ( FCR bit- 
0=1 , FCR bit-3=1 ) the TXRDY* pin will become high 
(inactive) when the transmit FIFO is completely full. It 
will be low if one or more FIFO locations are empty. 

Receive operation in mode "1": 
When ST68C554 is in ST16C550 mode ( FCR bit- 
0=1, FCR bit-3=1 ) and the trigger level or the timeout 
has been reached, the RXRDY* pin will go low. Once 
it is activated it will go high (inactive) when there are 
no more characters in the FIFO. 

FCR BIT 4-5: 
Not used. 



FCR BIT-2: 

0=No change. 

1 =Clears the contents of the transmit FIFO and resets 
its counter logic to (the transmit shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCRBIT-3: 

0=No change. 

1=Changes RXRDY and TXRDY pins from mode "0" 
to mode "1". 



FCR BIT 6-7: 

These bits are used to set the trigger level for the 
receiver FIFO interrupt. 
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BIT-6 


FIFO trigger level 
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14 
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LINE CONTROL REGISTER A-D 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCR BIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 

00=5 bits word length 
01=6 bits word length 
10=7 bits word length 
11=8 bits word length 

LCR BIT-2: 

The number of stop bits can be specified by this 
bit. 

0=1 stop bit , when word length=5, 6, 7, 8 bits 
1=1 and 1/2 stop bit , when word length=5 bits 
1=2 stop bits, word length=6, 7, 8 bits 

LCR BIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission; 
receiver also checks for received parity 

LCR BIT-4: 

If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 

0=odd parity is generated by calculating odd number 
of 1 's in the transmitted data; receiver also checks for 
same format. 

1=an even parity bit is generated by calculating the 
number of even 1 's in the transmitted data; receiver 
also checks for same format. 

LCR BIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 



LCR BIT-6: 

Break control bit. 

1 =forces the transmitter output (TX A-D) to go low to 
alert the communication terminal 
0=normal operating condition 

LCR BIT-7: 

The internal baud rate counter latch enable (DLEN). 
0=normal operation 
1=select divisor latch register 

MODEM CONTROL REGISTER A-D 

This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCR BIT-0: 

0=force DTR* output to high 
1=force DTR* output to low 

MCR BIT-1: 

0=force RTS* output to high 
1 =force RTS* output to low 

MCR BIT2-3: 

x=not used 

MCR BIT -4: 

0=normal operating mode 

1=enable local loop-back mode (diagnostics). The 
transmitter output (TX A-D) is set high (Mark condi- 
tion), the Receiver inputs (RX A-D , CTS A-D*, DSR 
A-D*, CD A-D*, and Rl A-D*) are disabled. Internally, 
the transmitter output is connected to the receiver 
input and DTR A-D*, RTS A-D* and MCR A-D bit-2,3 
are connected to modem control inputs. In this mode 
, the receiver and transmitter interrupts are fully 
operational. The Modem Control Interrupts are also 
operational, but the interrupt sources are now the 
lower four bits of the Modem Control Register instead 
of, the four Modem Control Inputs. The interrupts are 
still controlled by the IER A-D. 

MCR BIT 5-7: 

Not used. Are set to zero permanently. 
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LINE STATUS REGISTER A-D 

This register provides the status of data transfer to 
CPU. 

LSR BIT-0: 

0=no data in receive holding register 

1=a data has been received and saved in the receive 

holding register 

LSR BIT-1: 

0=no overrun error (normal) 
1 = overrun error, next character arrived before re- 
ceive holding register was empty 

LSR BIT-2: 

0=no parity error (normal) 

1=parity error, received data does not have correct 
parity information 

LSR BIT-3: 

0=no framing error (normal) 

1 =framing error received, received data did not have 

a valid stop bit 

LSR BIT-4: 

0=no break condition (normal) 

1 -receiver received a break signal (RX was low for 

one character time frame) 

LSR BIT-5: 

0=transmit holding register is full; ST68C554 will not 
accept any data for transmission 
1=transmit holding register is empty; CPU can load 
the next character 

LSRBIT-6: 

0=transmitter holding and shift registers are full 
1 transmitter holding and shift registers are empty 

LSR BIT-7: 

0=Normal 

1=At least one parity error, framing error or break 
indication in the FIFO. This bit is cleared when LSR is 
read. 



MODEM STATUS REGISTER A-D 

This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 

MSR BIT-O: 

Indicates that the CTS* input to the ST68C554 has 
changed state since the last time it was read. 

MSR BIT-1: 

Indicates that the DSR* input to the ST68C554 has 
changed state since the last time it was read. 

MSR BIT-2: 

Indicates that the Rl* input to the ST68C554 has 
changed from a low to a high state. 

MSR BIT-3: 

Indicates that the CD* input to the ST68C554 has 
changed state since the last time it was read. 

MSR BIT-4: 

This bit is equivalent to RTS in the MCR. It is the 
compliment of the CTS* input. 

MSR BIT-5: 

This bit is equivalent to DTR in the MCR. It is the 
compliment of the DSR* input. 



MSR BIT-6: 

This bit is equivalent to MCR bit-2 during local loop- 
back mode. It is the compliment of the Rl* input. 

MSR BIT-7: 

This bit is equivalent to MCR bit-3 during local loop- 
back mode. It is the compliment to the CD* input. 

SCRATCHPAD REGISTER A-D 

ST68C554 provides a temporary data registerto store 
8 bits of information for variable use. 
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BAUD RATE GENERATOR PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 



BAUD RATE 


16xCLOCK 


DVISOR 




%ERROR 




50 


2304 




75 


1536 




150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




4800 


24 




7200 


16 




9600 


12 




19.2 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 





ST68C554 EXTERNAL RESET CONDITION 



REGISTERS 


RESET STATE 


IER A-D 


BITS 0-7=0 


ISR A-D 


BIT-0=1, BIT-7=0 


LCR A-D 


BITS 0-7=0 


MCR A-D 


BITS 0-7=0 


LSR A-D 


BITS 0-4=0, BITS 5-6=1, BIT- 




7=0 


MSR A-D 


BITS 0-3=0, BITS 4-7= input sig- 




nals 



SIGNALS 


RESET STATE 


TX A-D 


High 


RTS* A-D 


High 


DTR* A-D 


High 


RXRDY* 


High 


TXRDY* 


Low 


IRQ 


Three state mode 
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ST68C554 ACCESSIBLE REGISTERS 



A2A1 AO 


Register 


BlT-7 


BIT-6 


BIT-5 


BIT-4 


BIT-3 


BIT-2 


BIT-1 


BIT-0 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


IER 














modem 
status 
interrupt 


receive 
line 
status 
interrupt 


transmit 
holding 
register 


receive 
holding 
register 


1 


FCR 


RCVR 
trigger 
(MSB) 


RCVR 
trigger 
(LSB) 








DMA 
mode 
select 


XMIT 
FIFO 
reset 


RCVR 
FIFO 
reset 


FIFO 
enable 


1 


ISR 
FIFOs 


0/ 
FIFOs 
enabled 


0/ 

enabled 







priority 


int 
priority 
bit-2 


int 
priority 
bit-1 


int 
status 
bit-0 


int 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 


1 


MCR 











loop 
back 


Not 
used 


Not 
used 


RTS* 


DTR* 


1 1 


LSR 


0/ 
FIFO 
error 


trans, 
empty 


trans, 
holding 
empty 


break 
interrupt 


framing 
error 


parity 
error 


overrun 
error 


receive 
data 
ready 


1 1 


MSR 


CD 


Ri 


DSR 


CTS 


delta 
CD* 


delta 
RI* 


delta 
DSR* 


delta 
CTS* 


111 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


DLM 


bit-15 


bit-14 


bit-13 


bit-12 


bit-11 


bit-10 


bit-9 


bit-B 



DLL and DLM are accessible only when LCR bit-7 is set to "1". 



3-220 



ST68C554 

H 

— _ — o> 

OP 

O 
at 
a* 
■u 

AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=3.3 - 5.0 V ± 10% unless otherwise specified. 



CumhAl 

oyniuoi 


Dora nri ata tr 


Mm 


Limits 
Typ 


Max 


1 1 r\ iff 

units 


Conditions 


1 1 


oiuors. iiiyn puioe uuictiiuii 








ns 




To 
1 2 


I 1 r\\ k 1 r\i ilea /H I I i /"\ v*\ 

oiock low puise ouraiion 


on 






ns 




1 3 


OIULrlS. Iloe/lctll lllllc 






I u 


ns 




J 8 


O.hin QPlppt QPtnn timp 
01 up ocicoi oeiup III MC 








ns 




T 9 


Chip select hold time 









ns 




T12 


Data ^ptun timp 


15 






nc 
1 lo 




Tl3 


Data hnlrl timp from writp nr f^S* 

CI I CI 1 IUIVJ III IIC llvJIII VVIIIC \Jt \S\J 


5 






1 lO 




1 14 


\A/ritp cpt nn timp 
vvi 11c oci up III lit/ 


1 n 

I u 






ns 




Tl5 


Write strobe width 


50 






ns 




I 16 


Ohin color't hnlH timp frnm \A/rito 
01 up oeieoi iiuiu 111 lie iiuiii wine 


I D 






ns 




Tl7 


\A/ritp rvrlp dplav 

VVI IIC Vsjflsie \JeiCljf 


45 






1 10 




Tl8 


Data ^ptun timp 

l_/CILCI OCIUU III lie 


15 






1 10 




Tw 


Writp nvnlp=Ti«H-Ti7 


105 






ns 




T24 


Data hold time 









ns 




T25 


Rpad rvrlp dplav 

1 \uuu oyvsie ueiciy 


25 






nc 
1 10 




Tr 


Read cycle=Tis+T25 


105 






ns 




I 27 


Y\\ir\ c\ 1 c\ r-v 1 lion 1 ki\r\\ V\ 

oiiip seieci puise wiuin 


ID 






ns 




T28 


Delay from Write to output 






50 


ns 


100 pF load 


T29 


Delay to set interrupt from MODEM 
input 






35 


ns 


100 pF load 


T31 


Delay from stop to set interrupt 






1 Rclk 


ns 


100 pF load 


T32 


Delay from Read to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial IRQ* reset to 
transmit start 


8 




24 


* 




T34 


Delay from stop to interrupt 






100 


ns 




T35 


Delay from Write to reset interrupt 






75 


ns 




T44 


Delay from stop to set RxRdy 






1rclk 






T45 


Delay from read (CS*) to reset RxRdy 






1 


[XS 




T46 


Delay from write to set TxRdy 






195 


ns 




T47 


Delay from start to reset TxRdy 






8 







* = Baudout* cycle 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=3.3 - 5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 
















VlLCK 


Clock input low level 


-0.5 




0.6 


V 




VlHCK 


Clock input high level 


3.0 




VCC 


V 




VlL 


Input low level 


-0.5 




0.8 


V 




VlH 


Input high level 


2.2 




VCC 


V 




Vol 


Output low level 






0.4 


V 


Iol= 6 mA on all 














outputs 


VOH 


Output high level 


2.4 






V 


Ioh= -6 mA 


Ice 


Avg. power supply 




6 


12 


mA 






current 












IlL 


Input leakage 






±10 


MA 




ICL 


Clock leakage 






±10 


\iA 




VlLCK 


Clock input low level 


-0.3 




0.8 


V 


Vcc=3.0 V 


VlHCK 


Clock input high level 


2.4 




VCC 


V 


Vcc=3.0 V 


V,L 


Input low level 


-0.3 




0.8 


V 


Vcc=3.0 V 


VlH 


Input high level 


2.0 




VCC 


V 


Vcc=3.0 V 


Vol 


Output low level on all outputs 






0.4 


V 


Vcc=3.0 V, Iol= 














8.5 mA 


Voh 


Output high level 


2.0 






V 


Vcc=3.0 V, Ioh= -4 














mA 


Ice 


Avg power supply current 




10 


12 


mA 


Vcc=3.0 V 
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GENERAL READ TIMING 



A0-A4 



CS* 



R/W* 



D0-D7 




8454-RD-1 



GENERAL WRITE TIMING 



A0-A4 



CS* 



R/W* 



D0-D7 




68454-WD-1 
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CO 

MODEM TIMING 



R/W* 



RTS* 
DTR* 




CD 

CTS 

DSR 



IRQ* 



Rl 




68454-MD-1 



CLOCK TIMING 



EXTERNAL 
CLOCK 




CLOCK PERIOD CLOCK PERIOD 161450-CK-1 
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O 
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RECEIVE TIMING 



RX 



IRQ* 



CS* 



START BIT 
H 



DATA BITS (5-8) 



STOP BIT 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



D7 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 



PARITY BIT 



NEXT 
DATA 
START BIT 

<- T31 



T32 |4 W 



16 BAUD RATE CLOCK 



68454-RX-1 
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RXRDY TIMING FOR MODE "0" 



START BIT 



DATA BITS (5-8) 





N 














N 


RX 

(First byte) 


VJ do 


D1 


D2 


D3 


D4 


D5 


D6 


07 \ 

-i 



\4r 




5 DATA BITS 



PARITY BIT 



6 DATA BITS 



7 DATA BITS 



WT44 



RXRDY* 



CS* 



N HT45 



68554-RX-2 
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00 

O 
01 
01 

J* 



RXRDY TIMING FOR MODE "1" 



RX 



RXRDY* 



CS* 



START BIT 
H 

X- 



DATA BITS (5-8) 



STOP BIT 



DO 



/\ 

\4r 



D1 



D2 



D3 



D4 



D5 



5 DATA BITS 




PARITY BIT 



6 DATA BITS 



7 DATA BITS 



First byte that reaches 
the trigger level 



WT44 



-HT45 



68554-RX-3 
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(0 



TRANSMIT TIMING 



STOP BIT 



TX 



IRQ* 



R/W* 




16 BAUD RATE CLOCK 68454--TX-1 
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TXRDY TIMING FOR MODE "0" 



H 
o> 

00 

O 
tn 
01 



R/W* 



D0-D7 



START BIT 



DATA BITS (5-8) 



STOP BIT 





w — 












W 


TX 


y D ° 


D1 


D2 


D3 


D4 


D5 | D6 


07 \ 



BYTE #1 



5 DATA BITS 




PARITY BIT 



6 DATA BITS 



7 DATA BITS 



T46 



-N K- T47 



TXRDY* 



68554-TX-2 



3-229 



ST68C554 



10 

O 

00 
<D 

V) 



TXRDY TIMING FOR MODE "1" 



R/W* 



D0-D7 



TXRDY* 



START BIT 



DATA BITS (5-8) 



STOP BIT 





W 














M 


TX 


y D ° 


D1 


D2 


D3 


D4 


D5 


D6 


vr\ 



K- 



\BYTE #16 



5 DATA BITS 



-W 




PARITY BIT 



6 DATA BITS 



-W 



7 DATA BITS 



T46 



-W T47 



FIFO FULL 



68554-TX-3 
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STARTECH ST16C650 



An 32^ EXflRCompany Printed August 3, 1995 

UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFO's AND INFRA- 
RED ENCODER/DECODER 



DESCRIPTION 



PLCC Package 



The ST16C650 is a universal asynchronous receiver 
and transmitter with 32 bytes transmit and receive 
FIFO. A programmable baud rate generator is pro- 
vided to select transmit and receive clock rates from 
50Hz to 1.5 MHz. 

The ST16C650 is an improved version of the 
ST16C550 UART with deeper FIFO, software/ hard- 
ware flow control. The ST16C650 on board status 
registers provides the error conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C650 
provides internal loop-back capability for on board 
diagnostic testing. The ST16C650 provides pin se- 
lectable interface mode to function as stand alone 
ST16C550 or direct PC connect. 
The ST16C650 is fabricated in an advanced *\.2\i 
CMOS process to achieve low drain power and high 
speed requirements. 



FEATURES 



• Pin to pin and functional compatible to NS16550, 
VL16C550, WD16C550, ST16C550 

• 32 byte transmit FIFO 

• 32 byte receive FIFO with error flags 

• Pin selectable interface mode 

• Software/Hardware flow control 

• Programmable Xon/Xoff characters 

• Sleep mode ( 800}xA stand-by) 

• Low operating current ( 1 .5mA typ.) 

• Independent transmit and receive control 

• 460.8 kHz transmit/receive operation 

• Selectable Transmit/Receive trigger levels 

• Infrared receive and transmit, input / output. 



ORDERING INFORMATION 



Part number 

ST16C650CP40 

ST16C650CJ44 

ST16C650CQ52 

ST16C650CQ48 



Package Operating temperature 



Plastic-DIP 
PLCC 
QFP 
TQFP 



to + 70° C 
to + 70° C 
to + 70° C 
to + 70° C 



'Industrial operating range are available 
Rev. 1.0 



8 3 



txft 



D6 [IT 

D7 [T 

S2/RCLK QF 

RX [TT 

A4 QF 

TX [IF 

A5/CS0 QT 

A6/CS1 [IF 

A7/CS2* [iF 

LPT1* / BAUDOUT* \TT 



O 



ST16C650CJ44 



~W\ RESET 
OP1* 
DTR* 
RTS' 
OP2*/S3 
FT] SEL 

INT/IRQA 
IF] RXRDY' / IRC 
FT] AO 
JFJ A1 
FF] A2 



3 



8 8 



< r ? S 
5 8 < 



Plastic-DIP Package 



DO 


X 




~40] VCC 


D1 


nr 




^39] Rl* 


D2 


X 




"38] CD* 


D3 


X 




"37l DSR* 


D4 


[X 




"36] CTS* 


D5 


X 




"351 RESET 


D6 


nz 




~3T| OP1* 


D7 


cx 




"33] DTR* 


RCLK 


X 




"32~1 RTS* 










RX 


pro" 


o 


"^Tl OP2* 






o 




TX 


or 


to 

CD 


"30] INT 


CSO 


□E 


o 

CD 


"291 RXRDY* 




□E 


J— 




CS1 


CO 


"28] AO 


CS2* 


[W 




"271 A1 


BAUDOUT* 


IX 




"261 A2 


XTAL1 


□E 




"251 AS* 


XTAL2 


X 




~24l TXRDY* 


IOW* 


X 




"23~| DDIS* 


IOW 


RgT 




~22~1 IOR 


GND 


[20 




"2T| IOR* 
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BLOCK DIAGRAM ( Standard ST16C550 mode ) 



D0-D7 
IOR*JOR 
IOW*JOW 
RESET 



A0-A2 
AS* 
CSO*CSI 
C$2 

DDIS* 
CSOUT 



INT 
RXRDY* 
TXRDY* 



j3 *3 ^ 



S & 

in 



1 3 13 



Transmit 




Transmit 






FIFO 




Shift 






Registers 




Register 







3 



li 



r 



at 



Flow 
Control 
Logic 



Receive 
FIFO 
Registers 



Clock 
& 

Baud Rate 
Generator 



Receive 

Shift 
Register 



— N 



Flow 
Control 
Logic 



Modem 
Control 
Logic 



RX 



DTR*RTS* 
OPl*OP2* 

CTS* 
RI* 
CD* 
DSR* 



^ * 



Patent pending 
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BLOCK DIAGRAM ( Direct PC mode ) 



D0-D7 
IOR* 
WW* 



A0-A9 

AEN* 
S1-S3 
PC* 



LPT1* 
LPT2* 



IRQA 
IRQB 
IRQC 



-ft 



3 5 



-a & 



^ ^ ^ 

•a ^ So 









Logic 


nterr 
Cont 







3 



a 



L i 



Transmit 

FIFO 
Registers 



Flow 
Control 
Logic 



Receive 
FIFO 
Registers 



Clock 
& 

Baud Rate 
Generator 



Transmit 

Shift 
Register 



Receive 

Shift 
Register 



<=3 



Flow 
Control 
Logic 



Modem 
Control 
Logic 



TX 



RX 



DTR* 
RTS* 

CTS* 
RI* 
CD* 
DSR* 
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SYMBOL DESCRIPTION 



Symbol 


Pin 
40 44 


Signal Type 


Pin Description 


A9 




1* 


I 


Address select line 9. When PC mode is selected, this pin 
is used as 1 0th address line to decode the standard COM1- 
4 ports. 


D0-D7 


1-8 


2-9 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
ue received or iransmiueo. 


S2/RCLK 


9 


10 


I 


Port select-2 or Receive clock input (dual function). When 
PC mode is selected the RCLK input is connected internally 

IU DnUUUU 1 UulpUl \J\\ 1 dl IU lo UbcU IU otJItJUl Ul It? Ul LI It? 

ComPort addresses (Com1-4). During STD mode opera- 
tion, this pin is used as external clock input to the ST1 6C650 
receiver section. 


DV 
KA 


10 


11 


i 
i 


oenai uaia inpui. i ne seridi inior manon ^uaiay received 
from serial port to ST16C650 receive input circuit. A mark 
(high) is logic one and a space (low) islogiczero. During the 
local loop-back mode the RX input is disabled from external 
connection and connected to the TX output internally. 


A4 


- 


12* 


1 


Address select line 4. When PC mode is selected, this pin 
is used as 5th address line to decode the standard COM1- 
4 ports. 


TX 


11 


13 





Serial data output. The serial data is transmitted via this pin 
with additional start , stop and parity bits. The TX will be held 
in mark (high) state during reset, local loop-back mode or 
when the transmitter is disabled. 


A5/CS0 


12 


14 


1 


Address line 5 or Chip select- 1 (dual function). During the 
PC mode operation, this pin is used as 6th address line to 
decode the standard COM1-4 ports. During STD mode this 
pin acts as active high chip select input pin. 


A6/CS1 


13 


15 


1 


Address line 6 or Chip select-2 (dual function). During the 
PC mode operation, this pin is used as 7th address line to 
decode the standard COM1-4 ports. During STD mode this 
pin acts as active high chip select input pin 



Patent pending 
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SYMBOL DESCRIPTION 



Symbol 


Pin 
40 44 


Signal Type 


Pin Description 


A7/CS2* 


14 


16 


I 


Address line 7 or Chip select -3 (dual function). During the 
PC mode operation, this pin is used as 8th address line to 
decode the standard COM1 -4 ports. During STD mode this 
pin acts as active low chip select input pin. 


BAUD/LPT1* 


15 


17 


O 


Baud rate generator clock output or LPT1 decode address 
(378 Hex) (dual function). This output provides the 16X 
clock of the internal selected baud rate during standard 
mode. RCLK pin is connected externally to BAUDOUT* pin 
to provide receive clock when STD mode is selected. This 
pin internally is connected to RCLK input and address 378 
Hex is decoded when PC mode is selected. 


XTAL1 


16 


18 


I 


Crystal input 1 or external clock input. A crystal can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generator for custom transmis- 
sion rates. 


VT A 1 O 

A 1 AL2 


17 


19 


o 


Crystal input 2 or buffered clock output. See XTAL1 . 
External 1 MW resistor is required to connect between 
X 1 AL1 ana x 1 ALz pins. 


IOW* 


18 


20 


I 


Write strobe, (active low) A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


A8/IOW 


19 


21 


I 


Address 8 or Write strobe (dual function). During the PC 
mode operation, this pin is used as 9th address line to 
decode the standard COM1-4 ports. During STD mode this 
pin functions as Write strobe (active high). Same as IOW*, 
but uses active high input. Note that only an active IOW* 
or IOW input is required to transfer data from CPU to 
ST16C650 during write operation. 


GND 


20 


22 


o 


Signal and power ground. 


S1 




23* 


s 


Port select- 1 . S1 is used to select one of the ComPort 

addresses (Com1-4). 


IOR* 


21 


24 


I 


Read strobe, (active low) A low level on this pin transfers 
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SYMBOL DESCRIPTION 



Symbol 


Pin 
40 44 


Signal Type 


Pin Description 










the contents of the ST16C650 data bus to the CPU. 


A3/IOR 


22 


25 


I 


Address line 3 or Read strobe (dual function). When PC 
mode is selected, this pin is used as 4th address line to 
decode the standard COM 1-4 ports. During STD mode 
operation this pin is used as Read strobe. Same as I OR*, but 
it is used as active high Read strobe. Note that only an 
active IOR* or IOR input is required to transfer data from 

^"MfiPfi^n tn PPI 1 Hnrinn rp»H nnpnatinn 


DDIS*/LPT2* 


23 


26 


O 


Drive disable or LPT2 decoded address (278 Hex) (dual 
function), (active low) This pin goes low when the CPU is 
reading data from the ST16C650 to disable the external 
transceiver or logic's during STD mode. During PC mode, 
LPT2 address is decoded. 




24 


27 





IRO-Ci Intprri int fthrpp ctatp^ or Transmit rpadv f final func- 

tion). Three state interrupt output during PC mode and 
i ranbiiiii reduy uunny o i u inoutj. vvntjn o i u rnouc ib 
selected this pin goes high when the transmit FIFO of the 

QTIfiOR^n ic full Qpo IMTA/IMT Hpcrrintinn fnr IRO f* 
Ol IDL/DOU 15 TUII. occ IINIM/IINI UcoClipilUil IOI 1 t\W w 

operation. 


AEN7AS* 


25 


28 


I 


Address enable or Address strobe (dual function). During 
PC mode operation Valid COM 1 -4 ports are decoded when 
this pin goes low. A low on this pin During STD mode latches 
the state of the chip selects and addressed register (A2- AO). 
This input is used when signals are not stable for the 
duration of a read or write operation. If not required, tie the 
AS* input permanently low. 


A2 


26 


29 


I 


Address select line 2. To select internal registers. 


A1 


27 


30 


I 


Address select line 1 . To select internal registers. 


AO 


28 


31 


I 


Address select line 0. To select internal registers. 


IRQB/RXRDY* 


29 


32 


o 


IRQ-B Interrupt (three state) or Receive ready (dual func- 
tion). Three state interrupt output during PC mode and 
Receive ready during STD mode. During the STD mode 
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SYMBOL DESCRIPTION 



Symbol 


illllliliilllll 

^IlllUlii 


Signal Type 


Pin Description 










nnpratinn thic nin nnpc Iova/ w/hpn thp rpppi\/p FIFO iq full 
upciauuii uiio pin yuco iuw wiicii iiic icucivc nru io iuii. 

See INTA/INT description for IRQ-B operation. 


IRQ A/ 1 NT 


30 


33 


O 


IRQ- A Interrupt (normal, three state or open source) or 

I ntprn int mitniit ftrinlp f 1 1 nntinn apti\/P hinKA r^iirinn Pf* 
it iici i upi uuijjui ^iiipic i u i iuuui i auii vc inyiij. uuiuiy ■ o 

mode operation, this pin is activated when MCR Bit-3 is set 
to "1" and enabled by the interrupt enable register, when- 
ever a receiver error, receiver data available, transmitter 
empty, or modem status condition flag is detected. During 
thp STD modp onpration thrpp state modp is disabled and 
functions as active IRQ-A. Multiple ST16C650 interrupts 
can be connected to form a wired "Ored" function by setting 
the MCR bit-5 to "1" and connecting a 450 Q resistor to 
ground. 


SEL 




34* 


I 


Mode select (pulled-up). PC mode is selected by tying this 

nin tn r^MPi onH QTP) mnrlo ic cplppfpH wi/hpn thic nin ic Ipft 

[Jill LU OINU ClIIU O 1 U II1UUC lo OClCblCU WIICII llllo pill lo It? 11 

open or tied to VCC. 


S3/OP2* 


31 


35 


I/O 


Select-3 or User defined output (dual function). ComPort 
address select 1-4 when PC mode is selected and general 
purpose output when STD mode is selected. See bit-3 
modem control register (MCR bit-3). 


RTS* 


32 


36 


o 


RpnnpQt to, spnd /artivp InvA To indinatp that thp transmit- 

1 XO^UUOL l\J Ot/ 1 IVJ . ^ CI Oil VC lUVVy 1 w 1 1 lUIUulC/ LllCll. 11 I & LI CI 1 IO! 1 III 

ter has data ready to send. Writing a "1" in the modem 
control register (MCR bit-1 ) will set this pin to a low state. 
Afterthe reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion it is not enabled via EFR Bit-6. 


DTR* 


33 


37 





Data terminal ready, (active low) To indicate that 
ST16C650 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1 " at the MCR bit-0 will set the DTR* output to low. 
This pin will be set to high state after writing a "0" to that 
register or afterthe reset . Note that this pin does not have 
any effect on the transmit or receive operation. 


OP1* 


34 


38 


o 


User defined output. See bit-2 of modem control register 
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SYMBOL DESCRIPTION 



Symbol 


Pin 
40 44 


Signal Type 


Pin Description 










(MCR bit-2). 


RESET 


35 


39 


I 


Master reset, (active high) A high on this pin will reset all the 
outputs and internal registers. The transmitter output and 
thp rpnpivpr innut will hp disahlpd durinn rp<*Pt timp 

LI 1 w 1 WVy IVUI II IpUl Will M\s VllOCHtJIVsVJ UUIIII^ 1 VOCl III 1 1 V/ . 


CTS* 


36 


40 


I 


Clear to send, (active low) The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
rpadinn thp MSR BIT-4 CTS* ha^ no effpct on the transmit 

l^uUIII^ 11 Iv IVIWI X 1— M 1 I • V> 1 w 1 1 CIO 1 IV/ VI lUvl V/l I U Iv LI Gil 1 vjl 1 ill 

or receive operation if it is not enabled via EFR Bit-7. 


DSR* 


37 


41 


I 


Data set ready, (active low) A low on this pin indicates the 
MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


CD* 


38 


42 


I 


Carrier detect, (active low) A low on this pin indicates the 
carrier has been detected by the modem. 


Rl* 


39 


43 


J 


Ring detect indicator, (active low) A low on this pin indicates 
the modem has received a ringing signal from telephone 
line. 


VCC 


40 


44 


I 


Power supply input. 



*Have internal pull-up resistor on inputs 



DESCRIPTION OF NEW FEATURES 

The ST16C650 is designed to upgrade the existing 
16C550 market. It provides additional features to 
reduce the software over-head, external glue logic, 
operating and stand-by current, and maintain the 
16C550 software compatibility with existing 
software's. 

After reset ST16C650 is down-ward compatible with 
ST1 6C450 and ST1 6C550 except it provides 32 bytes 



of data FIFO ( when ST16C550 mode is enabled ) 
instead of 16 bytes. All other additional features are 
available through special function register. The 40 pin 
Dip package offers the software/Hardware flow con- 
trol, sleep mode, selectable transmit trigger levels, 
and two selectable baud rate generators. The 44 pin 
PLCC package offers all the above features with 
selectable dual foot print ( direct PC connect ), two 
additional three state interrupt lines, and one select- 
able open source interrupt output to "Or" other 
ST16C650 interrupt outputs to reduce the number of 
interrupt lines. 
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When direct PC mode is selected ( 44 pin PLCC 
package only ), the external glue logic which is used 
to decode the COM-1 (3F8-3FF), COM-2 (2F8-2FF), 
COM-3 (3E8-3EF), and COM-4 (2E8-2EF) and select 
the proper interrupt lines have been implemented 
within the ST16C650. The ST16C650 provides Three 
selectable pins to select the desired ports and inter- 
rupts for automatic configurations. In addition to these 
addresses the ST16C650 decodes two additional ad- 
dresses for LPT- 1 (378-37F, printer port-1), and LPT- 
2 (278-27F, printer port-2) via OP2 and Baudout pins. 
These address decodes are used for IBM PC or 
compatible computers serial and parallel ports. Dur- 
ing Direct connect mode ail three interrupts functions 
are three state interrupts, to activate the interrupts 
MCR bit-3 should be set to "1". 



FUNCTIONAL DESCRIPTIONS 

The 32 bytes data FIFO's are enabled when user 
writes to the ST16C550/ST16C650 FIFO control reg- 
ister. With standard 16C550 parts, the user can only 
set receive trigger levels but not transmit trigger level. 
The ST16C650 provides independent trigger levels 
for both receiver and transmitter. To be compatible 
with ST16C550, 1 bytes transmit trigger level is se- 
lected after reset. Note that user can write to transmit 
trigger levels but activation will not take place till 
ST16C650 special mode is selected ( EFR bit-4 is set 
to "1"). The ST16C650 is designed to work with high 
speed modems and shared network environments, 
that requires fast processing time. By increasing num- 
ber of characters in the FIFO, networking units can 
handle more data within same time. Example: 
ST16C550 with 16 bytes of data, 115.2k and 8 bits 
wide word and one stop bit, will take 1.52 ms to 
transmit 16 bytes of data. But with 32 bytes of data 
buffer it will take 3.05 ms. This will gives additional 
time for the CPU to process other applications and 
reduce the interrupt servicing time. 

The contents of the Xon-1 ,2 and Xoff 1 ,2 are reset to 
"0" values and user can write any values desired for 
software flow controls. Different conditions can be set 
to detect Xon/Xoff characters or start/stop the trans- 
missions. See the table for all possible conditions. 



When single Xon/Xoff characters are selected, 
ST16C650 compares the incoming data with these 
values and controls the transmission, these charac- 
ters are not stacked in data buffer or FIFO. Special 
case is provided to detect the special character and 
stack it into the data buffer or FIFO. These conditions 
are selected via Enhanced Feature Register ( EFR bit 
0-3). 

Hardware flow control can be selected when either or 
both bits of the EFR bit 6-7 are set to "1". When auto 
CTS is selected , the ST1 6C650 will stop the transmis- 
sion as soon as a complete character is transmitted 
and CTS input level is high. Transmission is resumed 
after CTS input changes to low level. 

RTS pin will be forced to high state regardless of it's 
original state when receive FIFO reaches to the 
programmed trigger level. RTS pin resumes it original 
state after content of the data buffer (FIFO) drops 
below the next lower trigger level. Both hardware and 
software flow controls can be enabled for automatic 
operation. During these conditions the ST16C650 will 
accept additional data to fill the unused transmit and 
receive FIFO locations. 

Special interrupt modes have been added to monitor 
the hardware and software flow conditions. These are 
the IER bits 5-7. 

The ST16C650 is designed to operate with low power 
consumption, special sleep mode has been added to 
stop the clock and reduce the power consumption 
when it is not used ( Green PC ). When EFR bit-4 and 
IER bit-4 are enabled ( set to "1" ), the ST16C650 
enters into sleep mode and resumes it's normal opera- 
tion when a data is received or state of the modem 
input pins changes or it is set to transmit data. The 
ST16C650 stays in this mode till it is disabled. 

Special care should be considered for the following 
interrupt conditions and handling them. After reset if 
transmitter interrupt is enabled, ST16C650 will issue 
an interrupt to indicate that transmit holding register is 
empty, no other interrupts will be issued after enabling 
the interrupt. The LSR register has highest interrupt 
priority and CTS, RTS have lowest interrupt priority. 
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The interrupt status register will show the highest 
interrupt priority condition, and after servicing the 
interrupt condition next priority interrupt level will be 
shown. There are two interrupt conditions that have 
same priority and it is important to know the conditions 
to service. Receive data ready and receive time out 
share the same priority with one additional bit ( IER bit- 
3 ). Receiver issues interrupt after number of charac- 
ters are reached the programmed trigger level, in this 
case the ST16C650 FIFO holds equal or more charac- 
ters than the trigger level. After reading block of data, 
usercan check the LSR bit-0 foradditional characters. 

Note that, receive time out is functional only in 
ST16C550/650 mode. Receive time out will not occur 
if the receive FIFO is empty. The time out counterwill 
be reset at the center of each stop bit received or each 
time receive holding register is read. The actual time 
out value is T ( Time out length in bits)= 4 X P ( 
Programmed word length) + 12. To convert time out 
value to a character value, user has to divide this 
number to its complete word length + parity ( if used) 
+ number of stop bits and start bit. 

Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40 / 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1>] = 4.4 characters. 

Example -B: If user programs the word length = 7, with 

parity and one stop bit, the time out will be: 

T = 4 X 7(programmed word length) + 12 = 40 bits 

Character time = 40 / 10 [ (programmed word length 

= 7) + (parity = 1) + (stop bit =1) + (start bit = 1) = 4 

characters. 

Due to number of active simultaneous interrupt limita- 
tions in PC and compatibles, ST16C650 offers share 
interrupt out by setting MCR bit-5 to "1". If this mode 
is selected, it is required to connect 200-500 ohm 
resistor between the INTA pin to Ground. Note that 
other interrupts ( INTB, INTG ) will be inactive during 
this mode. 

Dual baud rate generator is provided to maintain the 
16C550 compatibility and provide higher data rate 
when it is needed. Example 14.4k to 19.2k modems 
requires to have 57k to 115.2k data rate and 28.8k 



modem requiems to have 230.4K. The 1 6C550 com- 
patible parts can only offer 115.2k to maintain the 
software compatibility. The ST16C650 utilizes 7.32 
MHz crystal/clock and provide 16C550 compatible 
data rate and higher. ST16C550 and ST16C650 baud 
rate generator tables can be selected is setting and 
resetting the MCR bit-7. 

The ST16C650 transmit trigger level, provides addi- 
tional flexibility to the user for block mode operation. 
In ST16C550/650 mode LSR bits 5-6 gives indication 
that transmitter is empty or not, but there is no 
mechanism to identify FIFO full state or available 
empty locations in FIFO. User can select one of the 
two possible ways to operate the transmit and receive 
FIFO by utilizing the DMA mode ( FCR bit-3 ). When 
FIFO's are enabled and DMA mode "0" is selected, the 
ST1 6C650 sets the interrupt bit and activates interrupt 
output pin for single transmit and receive operation 
like ST16C450 mode except it can receive and trans- 
mit 32 bytes of characters. When DMA mode "V is 
activated, usertakesthe advantage of the block mode 
operation. In this mode, transmitter/receiver sets the 
interrupt flag and interrupt output pin, when characters 
in the FIFO are below the transmit trigger level or over 
receive trigger level. Note that since ST16C550 does 
not have transmit trigger levels, the default trigger 
level in the ST16C650 is set to 1 bytes ( trigger level 
"0"). 
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A2 


IHII 


liii 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Interrupt Enable Register 





1 





Interrupt Status Register 


FIFO Control Register 





1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 











LSB of Divisor Latch 


LSB of Divisor Latch 







1 


MSB of Divisor Latch 


MSB of Divisor Latch 





1 





Enhanced Feature Register 


Enhanced Feature Register 


1 








Xon-1 Word 


Xon-1 Word 


1 





1 


Xon-2 Word 


Xon-2 Word 


1 


1 





Xoff-1 Word 


Xoff-1 Word 


1 


1 


1 


Xoff-2 Word 


Xoff-2 Word 



These registers are accessible only when LCR bit-7 is set to "1". Enhanced Feature Register, Xon 1.2 
andXoff 1.2 are accessible only when LCR is set to "BF" 
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ST16C650 ACCESSIBLE REGISTERS 



A2 A1 AO 


Register 


llllilll 


lliilll 




BIT4 


BIT-3 


BST-2 


BHM 


BIT-0 





RHR 


blt-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


IER 


0/ 
CTS 
interrupt 


0/ 
RTS 
interrupt 


0/ 

Xoff 
interrupt 


0/ 
Sleep 
mode 


modem 
status 
interrupt 


receive 

line 
status 
interrupt 


transmit 
holding 
register 


receive 
holding 
register 


1 


FCR 


RCVR 
trigger 
(MSB) 


RCVR 
trigger 
(LSB) 


0/TX 
trigger 
(MSB) 


0/TX 
trigger 
(LSB) 


DMA 
mode 
select 


XMIT 
FIFO 
reset 


RCVR 
FIFO 
reset 


FIFO 
enable 


1 


ISR 


0/ 
FIFO's 
enabled 


0/ 
FIFO's 
enabled 


0/ 
RTS, 
CTS 


0/ 

Xoff 


int 
priority 
bit-2 


int 
priority 
bit-1 


int 
priority 
bit-0 


int 
status 


1 1 


LCR 


divisor 
latch 
enable 


set 


set 


even 


parity 


stop 

bits 


word 
bit-1 


word 
bit-0 


1 


MCR 


Clock 
select 


0/ 
IRRT 
enable 


INTA 
type 
select 


loop 
back 


OP27 
IRQx 
enable 


opr 


RTS* 


DTR* 


1 1 


LSR 


0/ 
FIFO 
error 


trans, 
empty 


trans, 
holding 
empty 


break 
interrupt 


framing 
error 


parity 
error 


overrun 
error 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 

Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


DLM 


bit-15 


bit-14 


bit-13 


bit-12 


bit-11 


bit-10 


bit-9 


bit-8 


10 


EFR 


Auto 
CTS 


Auto 
RTS 


Special 
Char, 
select 


Enable 

IER 
Bits 4-7, 
ISR, FCR 
Bits 4-5, 

MCR 
Bits 5-7 


Cont-3 
Tx,Rx 
Control 


Cont-2 

Tx,Rx 
Control 


Cont-1 
Tx,Rx 
Control 


Cont-0 
Tx f Rx 
Control 



These registers are accessible only when LCR bit-7 is set to "1". Enhanced Feature Register, Xon 1,2 
and Xoff 1,2 are accessible only when LCR is set to "BF" 
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REGISTER FUNCTIONAL DESCRIPTIONS 
OPERATING MODE. 

The ST16C650 provides pin selectable interface for 
existing 16C550 and new designs. 
PC mode can be selected by tying the SEL pinto GND. 
When PC mode is selected the ST16C650 eliminates 
the external address decode logic (glue logic) for 
COM1-4 and jumper setting for IRQ3, IRQ4 or IRQn. 
The ST16C650 can be configured as follows: 



S3S2S1 


Address 


ComPort 


IRQ 



1 
1 
1 1 


3F8-3FF 
2F8-2FF 
3E8-3EF 
2E8-2EF 


COM-1 
COM-2 
COM-3 
COM-4 


IRQB** 
IRQC** 
IRQB** 
IRQC** 


1 
1 1 
1 1 

1 1 1 


3F8-3FF 
2F8-2FF 
3E8-3EF 
2E8-2EF 


COM-1 
COM-2 
COM-3 
COM-4 


IRQ A** 
IRQ A** 
IRQ A** 
IRQ A** 



** All interrupt outputs are inactive (three state mode) 
except the selected address. 



noise spike on the RX input. Receiver status codes will 
be posted in the Line Status Register. 



FIFO INTERRUPT MODE OPERATION 

When the receive FIFO (FCR BIT-0=1) and receive 
interrupts (IER BIT-0=1) are enabled, receiver inter- 
rupt will occur as follows: 

A) The receive data available interrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will be cleared as soon as the 
FIFO drops below its programmed trigger level. 

B) The ISR receive data available indication also 
occurs when the FIFO trigger level is reached, and like 
the interrupt it is cleared when the FIFO drops below 
the trigger level. 

C) The data ready bit (LSR BIT-0) is set as soon as a 
character is transferred from the shift register to the 
receiver FIFO. It is reset when the FIFO is empty. 

FIFO POLLED MODE OPERATION 



TRANSMIT AND RECEIVE HOLDING REGISTER 

The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 

On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 



When FCRBIT-0=1; resetting IER BIT 3-0to zero puts 
the ST16C650 in the FIFO polled mode of operation. 
Since the receiver and transmitter are controlled 
separately either one or both can be in the polled mode 
operation by utilizing the Line Status Register. 

A) LSR BIT-0 will be set as long as there is one byte 
in the receive FIFO. 

B) LSR BIT4-1 will specify which error(s) has oc- 
curred. 

C) LSR BIT-5 will indicate when the transmit FIFO is 
empty. 

D) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 

E) LSR BIT-7 will indicate when there are any errors 
in the receive FIFO. 
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PROGRAMMABLE BAUD RATE GENERATOR 

The ST16C650 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-24 MHz and dividing it by any divisor from 1 
to 2ie -1. The output frequency of the Baud-out* is 
equalto 16X of transmission baud rate (Baud-out*=16 
x Baud Rate). Customize Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 



BAUD RATE GENERATOR PROGRAMMING 
TABLE (7.372 MHz CLOCK): 



BAUD RATE 


BAUD RATE 


18 x CLOCK 


MCR 


MCR 


DIVISOR 


BIT-7«1 


Bit-7=0 


"Decimal" 


50 


200 


2304 


75 


300 


1536 


150 


600 


768 


300 


1200 


384 


600 


2400 


192 


1200 


4800 


96 


2400 


9600 


48 


4800 


19.2K 


24 


7200 


28.8K 


16 


9600 


38.4k 


12 


19.2K 


76.8k 


6 


38.4K 


153.6k 


3 


57.6K 


230.4k 


2 


115.2K 


460.8k 


1 



HARDWARE FLOW CONTROL OPERATION. 

When hardware flow control operation is enabled, the 
ST16C650 monitors the CIS* pin for transmit opera- 
tion and receiver trigger level for RTS* operation. 
When CTS* changes state from low to high, the 
ST16C650 suspends the transmission operation as 
soon as complete character is transmitted. ISR bit-5 
will be set (if enabled via IER bit 6-7). Transmission 
will resume as soon as CTS* pin goes low. RTS* pin 
will be forced to high state when receiver FIFO 



reached to the programmed trigger level. RTS* will go 
low when Receive Holding Register is below next 
lower trigger level. The ST16C650 will accept addi- 
tional data when transmission is suspended during 
hardware flow control till all locations are filled. 

SOFTWARE FLOW CONTROL 

When software flow control operation is enabled, the 
ST16C650 will compare the two sequential receive 
data with Xoff-1 ,2 programmed characters. When 
these characters matched correctly, the ST16C650 
will halt the transmission after finishing the transmis- 
sion of the complete character. The receive ready, 
Xoff (if enabled via IER bit-5) flags will be set and the 
interrupt output pin (if receive interrupt is enabled) will 
be activated. After the recognition of the Xoff charac- 
ters the ST16C650 will compare next two incoming 
characters with Xon-1,2 characters. The ST16C650 
will resume the operation and clear the flags (ISR bit- 
4) when Xon characters are received. The ST16C650 
will send Xoff-1 ,2 characters as soon as received data 
passed the programmed trigger level. The ST1 6C650 
will transmit programmed Xon-1 ,2 characters as soon 
as receive data reached tothe next lowertrigger level. 

INTERRUPT ENABLE REGISTER (IER) 

The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 

IER BIT-0: 

0= disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 

IER BIT-1: 

0= disable the transmitter empty interrupt. 
1= enable the transmitter empty interrupt. 

IER BIT-2: 

0= disable the receiver line status interrupt. 
1= enable the receiver line status interrupt. 

IER BIT-3: 

0= disable the modem status register interrupt. 
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1= enable the modem status register interrupt. 
IER BIT -4: 

0= disable sleep mode. 

1= enable sleep mode. The ST16C650 enters into 
power down mode and external clock or oscillator 
ciruit is disabled. Any change of state on the RX, Rl*, 
CTS*, DSR*, and CD* pins start the ST16C650. The 
ST16C650 will not lose the programmed bits when 
sleep mode is activated or deactivated. The 
ST1 6C650 will not enter in sleep mode if any interrupt 
is pending. 

IER BIT-5: 

0= disable the received Xoff interrupt. 
1 = enable the received Xoff interrupt. The ST1 6C650 
issues an interrupt when Xoff characters are received 
and correctly matched with Xoff 1 ,2 words. 

IER BIT-6: 

0= disable the RTS interrupt. 



1= enable the RTS interrupt. The ST16C650 issues 
interrupt when RTS pin changes state from lowto high. 

IER BIT-7: 

0= disable the CTS interrupt. 

1= enable the CTS interrupt. The ST16C650 issues 

interrupt when CTS pin changes state from lowto high. 



INTERRUPT STATUS REGISTER (ISR) 

The ST1 6C650 provides six level prioritized interrupt 
conditions to minimize software overhead during data 
character transfers. The Interrupt Status Register 
(ISR) provides the source of the interrupt in prioritized 
matter. During the read cycle the ST16C650 provides 
the highest interrupt level to be serviced by CPU. No 
other interrupts are acknowledged until the particular 
interrupt is serviced. The following are the prioritized 
interrupt levels: 



Priority level 



p 


D5 


;|| 


D3 


11 


D1 


DO 


Source of the interrupt 


1 











1 


1 





LSR (Receiver Line Status Register) 


2 











1 








RXRDY (Received Data Ready) 


2 








1 


1 








RXRDY (Receive Data time out) 


3 














1 





TXRDY ( Transmitter Holding Register Empty) 


4 




















MSR (Modem Status Register) 


5 





1 














RXRDY (Received Xoff signal)/ Special character 


6 


1 

















CTS, RTS change of state 
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ISR BIT-O: 

0= an interrupt is pending and the ISR contents may 
be used as a pointer to the appropriate interrupt 
service routine. 
1= no interrupt pending. 

ISR BIT 1-3: 

Logical combination of these bits, provides the high- 
est priority interrupt pending. 

ISR BIT 4-5: 

These bits are enabled when EFR bit-4 is set to "1". 
ISR bit-4 indicates that matching Xoff characters have 
been detected. ISR bit-5 indicates that CTS, RTS 
have been receiced or issued. Note that the ISR bit-4 
will stay "1" till Xon characters are recieved. 

ISR BIT 6-7: 

These bits are not used and are set to zero in 
ST1 6C450 mode. BIT 6-7: are set to "1 " in ST1 6C650 
mode. 

FIFO CONTROL REGISTER (FCR) 

This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 

FCR BIT-0: 

0= disable the transmit and receive FIFO. 

1= enable the transmit and receive FIFO. 

This bit should be enabled before setting the FIFO 

trigger levels. 

FCR BIT-1: 

0= No change. 

1 = Clears the contents of the receive FIFO and resets 
its counter logic to (the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCR BIT-2: 

0= No change. 

1 = Clears the contents ofthe transmit FIFO and resets 
its counter logic to (the transmit shift register is not 



cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCR BIT-3: 

0= No change. 

1= Changes RXRDY and TXRDY pins from mode "0" 
to mode "1". 

Transmit operation in mode "0": 
When ST1 6C650 is in ST1 6C450 mode ( FCR bit-0=0 
) or in the FIFO mode ( FCR bit-0=1, FCR bit-3=0 ) 
when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 

Receive operation in mode "0": 
When ST1 6C650 is in ST1 6C450 mode ( FCR bit-0=0 
) orin the FIFO mode ( FCR bit-0=1 , FCR bit-3=0) and 
there is at least 1 character in the receive FIFO, the 
RXRDY* pin will go low. Once active the RXRDY* pin 
will go high (inactive) when there are no more charac- 
ters in the receiver. 

Transmit operation in mode "1": 
When ST1 6C650 is in FIFO mode ( FCR bit-0=1 , FCR 
bit-3=1 ) the TXRDY* pin will become high (inactive) 
when the transmit FIFO is completely full. It will be low 
if one or more FIFO locations are empty. 

Receive operation in mode "1": 
When ST1 6C650 is in FIFO mode ( FCR bit-0=1 , FCR 
bit-3=1 ) and the trigger level has been reached, the 
RXRDY* pin will go low. Once it is activated it will go 
high (inactive) when there are no more characters in 
the FIFO. 

FCR BIT 4-5: 

These bits are used to set the trigger level for the 
transmit FIFO interrupt. The ST16C650 will issue a 
transmit empty interrupt when number of characters in 
FIFO drops below the selected trigger level. 
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BIT-5 


B1T-4 


FIFO trigger level 








16 





1 


8 


1 





24 


1 


1 


30 



LCR BIT-2: 

The number of stop bits can be specified by this bit. 



BIT-2 


Word length 


Stop bit(s) 





5,6,7,8 


1 


1 


5 


1-1/2 


1 


6,7,8 


2 



FCR BIT 6-7: 

These bits are used to set 
receiver FIFO interrupt. 



the trigger level for the 



BIT-7 


BIT-6 


FIFO trigger level 








8 





1 


16 


1 





24 


1 


1 


28 



LINE CONTROL REGISTER (LCR) 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCR BIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 



BIT-1 


BIT-0 


Word length 








5 





1 


6 


1 





7 


1 


1 


8 



LCR BIT-3: 

Parity or no parity can be selected via this bit. 
0= no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 

LCR BIT-4: 

If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 

0= ODD parity is generated by forcing an odd number 
of 1 's in the transmitted data, receiver also checks for 
same format. 

1 = EVEN parity bit is generated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 

LCR BIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
M 0" in the transmitted and received data. 

LCR BIT-6: 

Break control bit. It causes a break condition to be 

transmitted (the TX is forced to low state). 

0= normal operating condition. 

1 = forces the transmitter output (TX) to go low to alert 

the communication terminal. 

LCR BIT-7: 

The internal baud rate counter latch and Enhance 
Feature mode enable (DLAB). 
0= normal operation. 
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1= Divisor latch and Enhanced Feature register en- 
able. 

MODEM CONTROL REGISTER (MCR) 

This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCR BIT-0: 

0= force DTR* output to high. 
1 = force DTR* output to low. 

MCR BIT-1: 

0= force RTS* output to high. 
1= force RTS* output to low. 
RTS* is used as hardware flow control signal when 
enabled via EFR bit-6. RTS* goes high when FIFO is 
reached to the selected trigger level and goes low as 
soon as content of the receive holding register is below 
the trigger level. Content of this register changes with 
state of the hardware flow control, functiuons normally 
when hardware flow control is disabled. 

MCR BIT-2: 

0= set OP1* output to high. 
1= set OP1* output to low. 

MCR BIT-3: 

0= set OP2* output to high (STD mode). Forces INTx 
outputs to three state mode during PC mode selection. 
1 = set OP2* output to low (STD mode). Sets the INTx 
outputs to active mode during PC mode selection 

MCR BIT-4: 

0= normal operating mode. 
1= enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) , CTS*, DSR*, CD*, and Rl* are 
disabled. Internally the transmitter output is con- 
nected to the receiver input and DTR*, RTS*, OP1* 
and OP2* are connected to modem control inputs. 
In this mode , the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
now the lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER . 



MCR BIT-5: 

0= Active or three state interrupt output. 
1= Open source interrupt output. Required external 
resistor from this pin to ground. This mode is provided 
for share interrupts. 

MCR BIT-6: 

0= Standard UART receive and transmit input/output. 
1 = Infrared receive and transmit input / output. The TX 
output and RX input is converted to Infrared encoder/ 
decoder output/input format. TX output goes low when 
this bit is set to "1". 

MCR BIT-7: 

0= Normal or divide by one clock input. Standard 
ST16C550 baud rates can be selected when this bit is 
set to "0" and 1 .8432 MHz crystal is used. 
1= Divide by four clock input. Standard ST16C550 
baud rates can be selected when this bit is set to "1" 
and 7.372 MHz crystal is used. 



LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 

LSR BIT-0: 

0= no data in receive holding register or FIFO. 

1 = data has been received and saved in the receive 

holding register or FIFO. 

LSR BIT-1: 

0= no overrun error (normal). 
1= overrun error, next character arrived before re- 
ceive holding register was emptied or if FIFOs are 
enabled, an overrun error will occur only after the 
FIFO is full and the next character has been com- 
pletely received in the shift register. Note that charac- 
ter in the shift register is overwritten, but it is not 
transferred to the FIFO. 

LSR BIT-2: 

0= no parity error (normal). 
1= parity error, received data does not have correct 
parity information. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 
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LSR BIT-3: 

0= no framing error (normal). 
1 = framing error received, received data did not have 
a valid stop bit. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 

LSR BIT-4: 

0= no break condition (normal). 
1= receiver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character is loaded into the FIFO. 

LSR BIT-5: 

It indicates that the ST1 6C650 is ready to accept a new 
character for transmission. In addition, it causes the 
ST16C650 to issue an interrupt to the CPU when the 
transmit holding register empty interrupt enable is set. 

0= transmit holding register is not empty. 
1= transmit holding register (or FIFO ) is empty. CPU 
can load the next characters. When this bit is set, CPU 
can load upto 32 bytes of data to the ST16C650. 

LSR BIT-6: 

0= transmitter holding and shift registers are full. 
1= transmitter holding and shift registers are empty. 
In FIFO mode this bit is set to one whenever the 
transmitter FIFO and transmit shift register a re empty. 

LSR BIT-7: 

0= normal. 

1= at least one parity error, framing error or break 
indication in the FIFO. This bit is cleared when LSR is 
read. 

MODEM STATUS REGISTER (MSR) 

This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 



MSR BIT-0: 

Indicates that the CTS* input to the ST16C650 has 
changed state since the last time it was read. 

MSR BlT-1: 

Indicates that the DSR* input to the ST16C650 has 
changed state since the last time it was read. 

MSR BIT-2: 

Indicates that the Rl* input to the ST16C650 has 
changed from a low to a high state. 

MSR BIT-3: 

Indicates that the CD* input to the ST16C650 has 
changed state since the last time it was read. 

MSR BIT-4: 

This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 

CTS* functions as hardware flow control signal input 
if it is enabled via EFR bit-7. Transmit holding register 
is gated with this input to start/stop the transmission. 
A high at this pin will stop the transmission as soon as 
complete character is transmitted. 

MSR BIT-5: 

This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 

MSR BIT-6: 

This bit is equivalent to OP1 in the MCR during local 
loop-back mode. It is the compliment of the Rl* input. 

MSR BIT-7: 

This bit is equivalent to OP2 in the MCR during local 
loop-back mode. It is the compliment to the CD* input. 

Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 
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SCRATCHPAD REGISTER (SR) 

ST1 6C650 provides a temporary data registerto store 
8 bits of information for variable use. 



ENHANCED FEATURE REGISTER (EFR) 

Enhanced Features can be Enable/Disabled via this 
register. 

EFR BIT 0-3: 

Combinations of software flow control can be selected 
by programming this bits. 



Cont-3 


Cont-2 


ConM 


Cont-0 


Tx, Rx software flow controls 








X 


X 


No transmit flow control 


1 





X 


X 


Transmit Xon1, Xoffl 





1 


X 


X 


Transmit Xon2, Xoff2 


1 


1 


X 


X 


Transmit Xon1 and Xon2 : Xoffl , Xoff2 


X 


X 








No receive flow control 


X 


X 







Receiver compares Xon1 , Xoffl 


X 


X 




1 


Receiver compares Xon2, Xoff2 


1 







1 


Transmit Xon1 , Xoffl . 










Receiver compares Xon1 orXon2, 










Xoffl or Xoff2 





1 




1 


Transmit Xon2, Xoff2 










Receiver compares Xon1 orXon2, 










Xoffl or Xoff2 


1 


1 




1 


Transmit Xon1 and Xon2 : Xoffl and Xoff2 










Receiver compares Xon1 and Xon2 : Xoffl and Xoff2 










1 


No transmit flow control 










Receiver compares Xon1 and Xon2 : Xoffl and Xoff2 



EFR BIT-4: 

Enhanced interrupt control bit. 
0= disables the IER bits 4-7, ISR bits 4-5, FCR bits 4- 
5, and MCR bits 5-7. Standard ST16C550 mode. 
1= enables the enhanced interrupt functions. 

EFR BIT-6: 
0= Normal. 

1 = Special characterdetect. ST16C650 compares the 
incoming receive data with Xoff-2 data. Up on correct 
match, the received data will be transferred to FIFO 



and ISR Bit-4 will be set to indicate detection of special 
character. 

EFR BIT-6: 

RTS* flow control. 

= Normal. RTS* flow control is disabled. Standard 
ST16C550 mode. 

1 = RTS pin goes high when receive FIFO's are reach 
to the programmed trigger level. 
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EFR Bit-7: 

CTS* flow control. 

= Normal. CTS* flow control mode is disabled. 
Standard ST16C550 mode. 

1 = Transmission is resumed when low input signal is 
detected on the CTS* pin. 



ST16C650 EXTERNAL RESET CONDITION 



REGISTERS 


RESET STATE 


IER 


IER BITS 0-7=0 


ISR 


ISR BIT-0=1, ISR BITS 1-7=0 


LCR 


LCR BITS 0-7=0 


MCR 


MCR BITS 0-7=0 


LSR 


LSR BITS 0-4=0, 




LSR BITS 5-6=1 LSR, BIT 7=0 


MSR 


MSR BITS 0-3=0, 




MSR BITS 4-7= input signals 


FCR 


FCR BITS 0-7=0 


EFR 


EFR BITS 0-7=0 



SIGNALS 


RESET STATE 


TX 


High 


OP1* 


High 


OP2* 


High 


RTS* 


High 


DTR* 


High 


RXRDY* 


High (STD mode),/ Three state 




(PC mode) 


TXRDY* 


High (STD mode) / Three state 




(PC mode) 


IRQn/NT 


Low (STD mode) / Three state 




(PC mode) 



TX 

A5/CS0 
A6/CS1 
A7/CS2* 
LPT1'/BAUDOUT* 



X 
X 
CX 

IX 

x 

IX 
X 
[X 

EX 
X 



s s s s § h 8 H ? 



O 
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HHHHHHHHiHHH 

mmM'jt! 



~35~j RESET 

~34~1 OP1* 

~33~| DTR* 

32 | RTS' 

31 | OP2'/S3 

"~30~| INT/IRQA 

29 I RXRDY'/IRQB 

28 | AO 

~27~] A1 

~26~| A2 

25 | N.C. 



D5[T 

Deer 

D7 [T 
S2/RCLK [jiT 
A4 [V 
RX [T 
TX [IT 
A5/CS0 [IT 
A6/CS1 [ToT 
A7/CS2* X 
LPT1'/BAUDOUT* [j^T 
N.C. (IT 



o 



ST16C650CQ52 



S 2 < 



X] 

xi 

X] 
X] 
XJ 
X] 
XJ 
X] 
XJ 
XI 
XJ 
X] 



SEL 

RESET 

OP1' 

DTR* 

RTS* 

OP2*/S3 

INT/IRQA 

RXRDY' /I ROB 

AO 
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^ AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














Ti 


Clock high pulse duration 


20 






ns 




T2 


Clock low pulse duration 


20 






ns 




T 3 


Clock rise/fall time 






10 


ns 




T 4 


Baud out rise/fall time 






100 


ns 


100 pF load 


Ts 


Address strobe width 


30 






ns 




Te 


Address setup time 


30 






ns 




T? 


Address hold time 


5 






ns 




Ts 


Chip select setup time 


5 






ns 




T 9 


Chip select hold time 









ns 




Tii 


IOR* to DDIS* delay 






25 


ns 


100 pF load 


T12 


Data setup time 


15 






ns 


Note: 1 


T13 


Data hold time 


15 






ns 


Note: 1 


T14 


IOW* delay from chip select 


10 






ns 


Note: 1 


Tl5 


IOW* strobe width 


50 






ns 




T16 


Chip select hold time from IOW* 









ns 


Note: 1 


T17 


Write cycle delay 


55 






ns 




Tw 


Write cycle=Ti5+Ti7 


105 






ns 




T19 


Data hold time 


15 




25 


ns 




T21 


IOR* delay from chip select 


10 






ns 


Note: 1 


T23 


IOR* strobe width 


65 






ns 




T24 


Chip select hold time from IOR* 









ns 


Note: 1 


T25 


Read cycle delay 


55 






ns 




Tr 


Read cycle=T2 3 +T25 


115 






ns 




T26 


Delay from IOR* to data 






35 


ns 


100 pF load 


T28 


Delay from IOW* to output 






50 


ns 


100 pF load 


T29 


Delay to set interrupt from MODEM 






70 


ns 


100 pF load 


T30 


Delay to reset interrupt from IOR* 
input 






70 


ns 


100 pF load 


T31 


Delay from stop to set interrupt 






1 RCIk 




100 pF load 


T32 


Delay from IOR* to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 
start 


8 




24 


* 




T34 


Delay from stop to interrupt 






100 


ns 




T35 


Delay from IOW* to reset interrupt 






175 


ns 




T44 


Delay from stop to set RxRdy 






1rclk 






T45 


Delay from IOR* to reset RxRdy 






1 


|1S 




T46 


Delay from IOW* to set TxRdy 






195 


ns 




T47 


Delay from start to reset TxRdy 






8 


* 





Note 1 : Applicable only when AS* is tied low 
* = Baud-out* cycle 
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ABSOLUTE MAXIMUM RATINGS 



Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



7 Volts 

GND-0.3 V to VCC+0.3 V 
0° C to +70° C 
-40° C to +150° C 
500 mW 



DC ELECTRICAL CHARACTERISTICS 

T =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














VlLCK 


Clock input low level 


-0.5 




0.6 


V 




VlHCK 


Clock input high level 


3.0 




VCC 


V 




VlL 


Input low level 


-0.5 




0.8 


V 




VlH 


Input high level 


2.2 




VCC 


V 




Vol 


Output low level on all outputs 






0.4 


V 


Iol= 6 mA 


Voh 


Output high level 


2.4 






V 


Ioh= -6 mA 


Ice 


Avg power supply current 




1.3 


2.5 


mA 




Vop 


Operating voltage 


3 




5 


V 




ISLP 


Avg sleep mode current 




800 


1 


\iA 




IlL 


Input leakage 






±10 


\aA 




ICL 


Clock leakage 






±10 


\iA 




RlN 


Internal pull-up resistance 


5 




15 


kQ 


*Marked pins 



This product can operate in 3.0 Volts environment. Please consult with factory for additional information. 
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CLOCK TIMING 



EXTERNAL 
CLOCK 




CLOCK PERIOD 



CLOCK PERIOD 



BAUDOUT* TIMING 



T4 



BAUDOUT* I 



T4 




1/2 BAUDOUT* 



1/3 BAUDOUT* 



1/3> BAUDOUT* 



16450-CK-1 



Patent pending 
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GENERAL READ TIMING 



AS* 



A0-A2 



CS2* 
CS1-CS0 



IOR* 
IOR 




T11 T11 >| j< 



DDIS* 



D0-D7 




16650-RD-1 
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GENERAL WRITE TIMING (PC MODE) 
A0-A9 



I T8 . 

n — H 



AEN* 



IOW* 



D0-D7 



T14 \4-+\ T15 
W 



T12 



GENERAL READ TIMING (PC MODE) 



A0-A9 



AEN* 



IOR* 



D0-D7 



I T8 



T16 



t*1 713 



T17 



T21 W-W T23 T24 T25 

W M ■ ►! 



16650-WD-2 



/////// / // I \ 

I 
I 

T26 N 




- ' 1 x///////// 

I 

\<>\ T19 




X/////// 













16650-RD-2 
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MODEM TIMING 



IOW* 
IOW 



RTS* 
DTR* 



I 

k-W T28 



CD 

CTS 

DSR 



INT 



IOR* 

IOR 



Rl 



T29 



T29 



T30 -H N- 



T29 



/ — A 



j \ J V__ 



16450-MD-1 



Patent pending 



3-258 



ST16C650 



0) 



o 

o 



RECEIVE TIMING 



RX 



INT 



I0R* 
IOR 



START BIT 
H 



DO 



D1 



DATA BITS (5-8) 



D2 



D3 



D4 



D5 



5 DATA BITS 



D6 



6 DATA BITS 



STOP BIT 



7 DATA BITS 




16 BAUD RATE CLOCK 



W 

16450-RX-1 
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RXRDY TIMING FOR MODE M 0" 



RX 

(First byte) 




RXRDY* 



IOR* 
IOR 



DATA BITS (5-8) 



STOP BIT 



DO 


D1 


D2 


D3 


D4 


D5 


D6 


07 


\ _j 


















5 DATA BITS 



PARITY BIT 



6 DATA BITS 



7 DATA BITS 



WT44 



\ 4 HT45 



16550-RX-2 
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RXRDY TIMING FOR MODE "1" 



START BIT 
H 



RX 



RXRDY* 



IOR* 
IOR 



DATA BITS (5-8) 



STOP BIT 



; D0 


D1 


D2 


D3 


D4 


D5 


D6 


D7 




















5 DATA BITS 



W — N 

PARITY BIT 



6 DATA BITS 



7 DATA BITS 



First byte that reaches 
the trigger level 



WT44 



^ HT45 

' / \ r 



/ v._ 

16550-RX-3 
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TRANSMIT TIMING 



TX 



INT 



IOW* 
IOW 



START BIT 
H 



DO 



->| \+ T33 



DATA BITS (5-8) 



D1 



D2 



D3 



D4 



D5 



STOP BIT 



D6 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 




PARITY BIT 



W — W 

NEXT 
DATA 
START BIT 
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TXRDY TIMING FOR MODE "0" 
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TXRDY TIMING FOR MODE M 1" 
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An 25* EXflRCompany Printed August 3, 1995 

QUAD UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH 64 BYTES OF 
FIFO AND INFRARED ENCODER/DECODER 



DESCRIPTION 



The ST16C654 is a Quad universal asynchronous 
receiver and transmitter with 64 bytes of transmit and 
receive FIFO. ST16C654 provides dual foot print 
compatibility with ST16C554 and ST68C554. A pro- 
grammable baud rate generator is provided to select 
transmit and receive clock rates from 50Hz to 1 .5 
MHz. 

The ST16C654 is an improved version of the 
ST16C554 UART with deeper FIFO, software/ hard- 
ware flow control. The ST16C654 on board status 
registers provides the error conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C654 
provides internal loop-back capability for on board 
diagnostic testing. 

The ST16C654 is fabricated in an advanced CMOS 
process to achieve low drain power and high speed 
requirements. 
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FEATURES 



• Pin to pin and functional compatible to ST1 6C454, 
ST16C554, ST16C554D, ST68C454, ST68C554 

•64 byte transmit FIFO 

• 64 byte receive FIFO with error flags 

• Software/Hardware flow control 

• Programmable Xon/Xoff characters 

• Sleep mode ( 800[xA stand-by) 

• Low operating current ( 1 .5mA typ.) 

• Independent transmit and receive control 

• 460.8 kHz transmit/receive operation 

• Selectable Transmit/Receive trigger levels 

• Infrared receive and transmit, input / output. 

• independent MIDI interface 



ORDERING INFORMATION 



Part number 



Package Operating temperature 



ST16C654CJ68 PLCC 0° C 

ST16C654CQ64 QFP 0° C 

ST16C654CQ100 QFP 0° C 

'Industrial operating range are available 
Rev. 1.0 



to + 70° C 
to + 70° C 
to + 70° C 
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SYMBOL DESCRIPTION 



Symbol 


Pin 
68 100 


Signal Type 


Pin Description 


D0-D7 


66-5 


88-95 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 

oiy 1 III lUdl 11 Ull Ul LI It; Uctld UUo dllU lilt; lilol oclldl Udld Ull IU 

be received or transmitted. 


RXA-B 
RXC-D 


7,29 
41,63 


97,34 
47,85 


I 


Serial data input. The serial information (data) received 

frnm QPrial nnrt tn 5^T1 rpppiv/p inniit nirpi lit A mark 
iiuiii oci idi jjui i iu o i 1 uvUJt icucivc ii ifjui on ouii. r\ nidii\ 

(high) is logic one and a space (low) is logic zero. During the 
local loopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


TXA-B 
TX C-D 


17,19 
51,53 


14,16 
65,67 


o 


Serial data output. The serial data is transmitted via this pin 
with additional start , stop and parity bits. The TX will be held 
in mark (high) state during reset, local loopback mode or 
when the transmitter is disabled. 


IRTX A-B 
IRTX C-D 


- 


6,24 
57,75 


o 


Serial IRdadata output. The serial IRdadata is transmitted 
via this pin with additional start , stop and parity bits. The 
IRTX will be held in mark (low) state during reset. 


CS* 


16 


13 


I 


Chip select, (active low) This pin functions as chip select 
when 16/68* pin is connected to GND. All fourUARTS will 
be selected when CS* is low. Each individual UART can be 
selected with A3-4 combinations. When 16/68* pin is con- 
nected to VCC or left open, this pin functions as CSA*. 


CS*A-B 
CS* C-D 


16,20 
50,54 


13,17 
64,68 


I 


Chip select, (active low) A low at this pin enables the 
ST16C654 / CPU data transfer operation. Each UART 
sections of the ST16C654 can be accessed independently. 


XTAL1 


35 


40 


I 


Crystal input 1 or external clock input. A crystal can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
internal circuit and baud rate generator for custom transmis- 
sion rates. 
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Symbol 


Pin 
68 100 


Signal Type 


Pin Description 


XTAL2 


36 


41 


O 


Crystal input 2 or buffered clock output. See XTAL1 . 


MIDICLK 




42 


I 


Midi clock input. RXC and TXC can function as midi input/ 
output port when an external midi clock is provided at this 
pin. MIDICLK can be connected to XTAL2 pin for normal 
operation. 


CLKSEL 


30 


35 


I 


Default clock select. 1X or 1X/4 clock can be selected by 
connecting this pin to VCC or GND. 1X clock is selected 
when CLKSEL is connected to VCC and 1X/4 is selected 
when CLKSEL is connected to GND. The MCR bit-7 can 
override the default clock setup after reset when it is 
programmed to "1". 


R/W* 


18 


15 


I 


Read/Write strobe. This pin acts as Read/Write strobe 
when 16/68* is connected to GND. A low on this pin will 
transfer the contents of the CPU data bus to the addressed 
register. A high on this pin will transfer the contents of the 
ST1 6C654 selected registerto CPU data bus. When 1 6/68* 
pin is connected to VCC or left open, this pin functions as 
IOW*. 


IOW* 


18 


15 


I 


Write strobe, (active low) A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


GND 
GND 


6,23 
40,57 


96,20 
46,71 


o 


Signal and power ground. 


IOR* 


52 


66 


I 


Read strobe, (active low) A low level on this pin transfers 
the contents of the ST16C654 data bus to the CPU. 


TXRDY* 


39 


45 


o 


Transmit ready, (active low) TXRDY* pin is the wire "OR-ed" 
function of all TXRDY* A-D. 


TXRDY* A-B 
TXRDY* C-D 




5,25 
56,81 


o 


Transmit ready, (active low) This pin goes when transmit 
FIFO of the ST16C654 is full. It can be used as a single or 
multi-transfer. 


A3-A4 


20,50 


17,64 


I 


Address select line 3 and 4. When 16/68* pin is connected 
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Svmbol 

W will MVP 


Pin 
40 44 


Sianal Tvdg 


Pin Description 










to GND, combination of these pins will select individual 
UART's when CS* is low. When 1 6/68* is connected to VCC 
or left open, these pins function as CSB* and CSC*. 


A2 


32 


37 


1 


Address select line 2. To select internal registers. 


A1 


33 


38 


1 


Address select line 1. To select internal registers. 


AO 


34 


39 


1 


Address select line 0. To select internal registers. 


RXRDY* 


38 


44 


o 


Receive ready, (active high) RXRDY* pin is the wire "OR- 
ed" function of the all RXRDY* A-D. 


RXRDY* A-B 
RXRDY* C-D 




100,31 
50,82 


o 


Receive ready, (active high) This pin goes high when 
receive FIFO is full. It can be used as a single or multi- 
transfer. 


INTSEL 


65 


87 


1 


Interrupt type select. Enable /disable the interrupt three 
state function. Always active interrupt output can be se- 
lected by connecting this pin to VCC ( MCR bit-3 does not 
have any effect on the interrupt output ). The three state 
interrupt output is selected when this pin is left open or 
connected to GND and MCR bit-3 is set to "1". This has no 
effect when 16/68* pin is connected to GND. 


CSRDY* 




76 


1 


FIFO ready register select, (active low) Content of the 
FIFORDY register can be read when this pin goes low. D0- 
D3 corresponds to inverted TXRDY* A-D, and D4-D7 corre- 
spond to RXRDY* A-D. 


IRQ* 


15 


12 


o 


Interrupt output, (active low, open source) This pin goes low 
(when enabled by the interrupt enable register) when ever 
any of the four UART's issue interrupt. An external pull-up 
resistor is required to be connected to this pin. Function of 
the IRQ* changes to INTA when 16/68* pin is connected to 
VCC or left open. 


INT A-B 
INT C-D 


15,21 
49,55 


12,18 
63,69 


o 


Interrupt output, (active high) This pin goes high (when 
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Symbol 


llliliiiliiillill! 

68 100 


Signal Type 


Pin Description 










enabled by the interrupt enable register) whenever a re- 
ceiver error, receiver data available, transmitter empty, or 
modem status condition flag is detected. 


RTS* A-B 
RTS* C-D 


14,22 
48,56 


11,19 
62,70 





Request to send, (active low) To indicate that the transmit- 
ter has data ready to send. Writing a "1" in the modem 
control register (MCR bit-1 ) will set this pin to a low state. 
After the reset this pin will be set to high. Note that this pin 
does not have any effect on the transmit or receive opera- 
tion unless hardware flow control is enabled. 


DTR* A-B 
DTR* C-D 


12,24 
46,58 


9,21 
60,72 


O 


Data terminal ready, (active low) To indicate that 
ST16C654 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1 " at the MCR bit-0 will set the DTR* output to low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset . Note that this pin does not have 
any effect on the transmit or receive operation. 


RESET* 
RESET 


37 


43 


I 


Master reset, (active high) A high on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. When 
1 6/68* is connected to GND, RESET functions as RESET*. 


CTS* A-B 
CTS* C-D 


11,25 
45,59 


8,22 
59,73 


! 


Clear to send, (active low) The CTS* signal is a MODEM 
control function input whose conditions can be tested by 
reading the MSR BIT-4. CTS* has no effect on the transmit 
or receive operation unless hardware flow control is enabled 


DSR* A-B 
DSR* C-D 


10,26 
44,60 


7,23 
58,74 


I 


Data set ready, (active low) A low on this pin indicates the 
MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


16/68* 


31 


36 


I 


Intel or Motorola bus interface select. Functions ofthe IOR*, 
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Symbol 


Pin 
68 100 


Signal Type 


Pin Description 










IOW*, INT A-D, and CS* A-D are re-assigned with the state 
of this pin. When this pin is connected to VCC or left open, 
Intel bus interface is selected. When this pin is connected 
to GND, IOW* is re-assigned to R/W*, RESET is re- 
assigned to RESET*, IOR* is not used, and all INT A-D are 
wirpd "OR-pd" and u^pd a*? onpn sournp IRO outnut Thi<> nin 
contains internal pull-up resistor. 


CD* A-B 
CD* C-D 


9,27 
43,61 


99,32 
49,83 


I 


Carrier detect, (active low) A low on this pin indicates the 
carrier has been detected by the modem. 


Rl* A-B 
Rl* C-D 


8,28 
42,62 


98,33 
48,84 


I 


Ring detect indicator, (active low) A low on this pin indicates 
the modem has received a ringing signal from telephone 
line. 


VCC 
VCC 


13 
47,64 


10 
61,86 


I 


Power supply input. 



DESCRIPTION OF NEW FEATURES 

The ST16C654 is designed to upgrade the existing 
16C550 market. It provides additional features to 
reduce the software over-head, external glue logic, 
operating and stand-by current, and maintain the 
16C550 software compatibility with existing 
software's. 

After reset ST16C654 is down-ward compatible with 
ST16C454 / ST68C454 and ST16C554 / ST68C554 
except it provides 64 bytes of data FIFO ( when 
ST16C550 mode is enabled ) instead of 16 bytes. All 
other additional features are available through special 
function register. The ST16C654 offers the software/ 
Hardware flow control, sleep mode, selectable trans- 
mit trigger levels, and two selectable baud rate gen- 
erators. 



Separate clock input has been provided for MIDI 
applications. MIDICLK pin can be connected to 
XTAL2 pin for normal operation or an External MIDI 
clock oscillator for MIDI application. 

Four independent Irda specified outputs are provided 
(100 QFP package only) for IR applications. These 
output are provided in parallel with regular asynchro- 
nous data output. 

A separate FIFO ready register is provided to monitor 
the TXRDY* and RXRDY* of each individual UART's 
to reduce the polling time. 

ST16C654 offers clock select pin for system / board 
designers to preset the baud rate table After reset. The 
CLKSEL pin selects the 1X or 1X74 clock or internal 
baud rate generator. When CLKSEL is connected to 
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FUNCTIONAL DESCRIPTIONS 

The 64 bytes data FIFO's are enabled when user 
writes to the ST1 6C55Q7ST1 6C554 FIFO control reg- 
ister. With standard 16C550 parts, the user can only 
set receive trigger levels but not transmit trigger level. 
The ST16C654 provides independent trigger levels 
for both receiver and transmitter. To be compatible 
with ST16C550, 1 bytes transmit trigger level is se- 
lected after reset. The ST16C654 is designed to work 
with high speed modems and shared network environ- 
ments, that requires fast processing time. By increas- 
ing numberof characters in the FIFO, networking units 
can handle more data within same time. Example: 
ST16C550 with 16 bytes of data, 115.2k and 8 bits 
wide word and one stop bit, will take 1.52 ms to 
transmit 16 bytes of data. But with 64 bytes of data 
buffer it will take 6.1 ms. This will gives additional time 
for the CPU to process other applications and reduce 
the interrupt servicing time. 

The contents of the Xon-1 ,2 and Xoff 1 ,2 are reset to 
"0" and user can write any values desired for software 
flow controls. Different conditions can be set to detect 
Xon/Xoff characters or start/stop the transmissions. 
See the table for all possible conditions. When single 
Xon/Xoff characters are selected, ST16C654 com- 
pares the incoming data with these values and con- 
trols the transmission, these characters are not 
stacked in data buffer or FIFO. When anyXon ( MCR 
bit- 5) bit is set, the ST16C654 will resume the opera- 
tion after receiving any character after recognizing the 
Xoff character. Note that the ST16C654 will transmit 
Xon character(s) automatically when Xoff 
character(s) were send and software flow control 
function were disabled afterwards. Special cases are 
provided to detect the special character and stack it 
into the data buffer or FIFO. These conditions are 
selected via Enhanced Feature Register ( EFR bit 0- 
3). 

Hardware flow control can be selected when either or 
both bits of the EFR bit 6-7 are set to "1 ". When auto 
CTS is selected, the ST16C654 will stop the transmis- 
sion as soon as a complete character is transmitted 



When auto RTS* is selected, output of RTS* pin is 
"AND-ed" with MCR bit-1 for manual over ride capa- 
bility. RTS* pin will change state when MCR bit-1 is set 
to "1". RTS* pin will be forced to high state when 
receive FIFO reaches to the programmed trigger 
level. RTS* pin resumes it original state after content 
of the data buffer (FIFO) drops below the next lower 
trigger level. Both hardware and software flow controls 
can be enabled for automatic operation. During these 
conditionsthe ST1 6C654 will accept additional data to 
fill the unused transmit and receive FIFO locations. 

Special interrupt modes have been added to monitor 
the hardware and software flow conditions. These are 
the IER bits 5-7. 

The ST1 6C654 is designed to operate with low power 
consumption, special sleep mode has been added to 
stop the clock and reduce the power consumption 
when it is not used ( Green PC ). When EFR bit-4 and 
IER bit-4 are enabled ( set to "1" ), the ST16C654 
enters into sleep mode and resumes it's normal opera- 
tion when a data is received or state of the modem 
input pins changes or it is set to transmit data. The 
ST16C654 stays in this mode till it is disabled. 

Special care should be considered for the following 
interrupt conditions and handling them. After reset if 
transmitter interrupt is enabled, ST16C654 will issue 
an interrupt to indicate that transmit holding register is 
empty, no other interrupts will be issued after enabling 
the interrupt. The LSR register has highest interrupt 
priority and CTS, RTS* have lowest interrupt priority. 
The interrupt status register will show the highest 
interrupt priority condition, and after servicing the 
interrupt condition next priority interrupt level will be 
shown. There are two interrupt conditions that have 
same priority and it is important to know the conditions 
to service. Receive data ready and receive time out 
share the same priority with one additional bit ( I ER bit- 
3 ). Receiver issues interrupt after number of charac- 
ters are reached the programmed trigger level, in this 
case the ST1 6C654 FIFO holds equal or more charac- 
ters than the trigger level. After reading block of data, 
usercan checkthe LSR bit-0 foradditional characters. 
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Note that, receive time out is functional only in 
ST16C550/650 mode. Receive time out will not occur 
if the receive FIFO is empty. The time out counter will 
be reset at the center of each stop bit received or each 
time receive holding register is read. The actual time 
out value is T ( Time out length in bits)= 4 X P ( 
Programmed word length) + 12. To convert time out 
value to a character value, user has to divide this 
number to its complete word length + parity ( if used) 
+ number of stop bits and start bit. 

Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40 / 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 

Example -B: If user programs the word length = 7, with 

parity and one stop bit, the time out will be: 

T = 4 X 7(programmed word length) + 12 = 40 bits 

Character time = 40 / 10 [ (programmed word length 

= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 

characters. 



mit 64 bytes of characters. When DMA mode "1" is 
activated, usertakes the advantage of the block mode 
operation. In this mode, transmitter/receiver sets the 
interrupt flag and interrupt output pin, when characters 
in the FIFO are belowthe transmit trigger level or over 
receive trigger level. Note that since ST16C550 does 
not have transmit trigger levels, the default trigger 
level in the ST1 6C654 is set to 1 byte ( trigger level "0" 
)• 



SERIAL PORT SELECTION GUIDE 



cs* 


A4 


A3 


UARTX 


1 
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X 











UART A 








1 


UART B 





1 





UART C 





1 


1 


UART D 



Dual baud rate generator is provided to maintain the 
16C550 compatibility and provide higher data rate 
when it is needed. Example 14.4k to 19.2k modems 
requires to have 57k to 115.2k data rate and 28.8k 
modem requiems to have 230.4K. The 16C550 com- 
patible parts can only offer 115.2k to maintain the 
software compatibility. The ST16C654 utilizes 7.32 
MHz crystal/clock and provide 16C550 compatible 
data rate and higher. ST16C550 and ST16C654 baud 
rate generator tables can be selected is setting and 
resetting the MCR bit-7. After hardware reset the 
ST16C654 will set the baud rate table according to pin 
state of the CLKSEL 



This table is valid when 16/68* pin is connected to 
GND. Otherwise each UART is selected with indi- 
vidual CSx pins. 



The ST16C654 transmit trigger level, provides addi- 
tional flexibility to the user for block mode operation. 
In ST16C550/650 mode LSR bits 5-6 gives indication 
that transmitter is empty or not, but there is no 
mechanism to identify FIFO full state or available 
empty locations in FIFO. User can select one of the 
two possible ways to operate the transmit and receive 
FIFO by utilizing the DMA mode ( FCR bit-3 ). When 
FIFO's are enabled and DMA mode "0" is selected , the 
ST1 6C654 sets the interrupt bit and activates interrupt 
output pin for single transmit and receive operation 
like ST16C450 mode except it can receive and trans- 
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PROGRAMMING TABLE 



A2 


A1 


llllllll 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Interrupt Enable Register 





1 





Interrupt Status Register 


FIFO Control Register 





1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 










LSB of Divisor Latch 


LSB of Divisor Latch 








1 


MSB of Divisor Latch 


MSB of Divisor Latch 





1 





Enhanced Feature Register 


Enhanced Feature Register 


1 








Xon-1 Word 


Xon-1 Word 


1 





1 


Xon-2 Word 


Xon-2 Word 


1 


1 





Xoff-1 Word 


Xoff-1 Word 


1 


1 


1 


Xoff-2Word 


Xoff-2 Word 



These registers are accessible oniv when LCR bit-7 is set to "1 Enhanced Feature Register, Xon1,2 and 
Xoff1.2 are accessible only when LCR is set to "BF" 
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ST16C654 ACCESSIBLE REGISTERS 



A2 A1 AO 




BIT-7 


BIT-6 


BIT-0 


BIT-4 


BIT-3 


BIT-2 


BIT-1 


BIT-0 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


IER 


0/ 
CTS 
interrupt 


0/ 
RTS* 
interrupt 


0/ 

Xoff 
interrupt 


0/ 
Sleep 
mode 


modem 
status 
interrupt 


receive 

line 
status 
interrupt 


transmit 
holding 
register 


receive 
holding 
register 


1 


FCR 


RCVR 
trigger 
(MSB) 


RCVR 
trigger 
(LSB) 


0/TX 
trigger 
(MSB) 


0/TX 
trigger 
(LSB) 


DMA 
mode 
select 


XMIT 
FIFO 
reset 


RCVR 
FIFO 
reset 


FIFO 
enable 


1 


ISR 


0/ 
FIFO's 
enabled 


0/ 
FIFO's 
enabled 


0/ 
RTS*, 
CTS* 


0/ 

Xoff 


int 
priority 
bit-2 


int 
priority 
bit-1 


int 
priority 
bit-0 


int 
status 


11 
U I I 


I (TR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 


I u u 


MUK 


Clock 
select 


0/ 
IRRT 
enable 


0/ 
Xon 
Any 


loop 
back 


OP2*/ 
IRQx 
enable 


OP1 */ 

no 
output 


RTS* 


DTR* 


1 1 


LSR 


0/ 
FIFO 
error 


trans, 
empty 


trans, 
holding 
empty 


break 
interrupt 


framing 
error 


parity 
error 


overrun 
error 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DST 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPREE 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


DLL 


bit-15 


bit-14 


bit-13 


bit-12 


bit-11 


bit-1 


bit-9 


bit-8 


10 


EFR 


Auto 
CTS 


Auto 
RTS* 


Special 
Char, 
select 


Enable 

IER 
Bits 4-7, 
ISR, F CR 
Bits 4-5, 

MCR 
Bits 5-7 


Cont-3 
Tx,Rx 

Control 


Cont-2 

Tx,Rx 
Control 


Cont-1 
Tx.Rx 
Control 


Cont-0 
Tx,Rx 
Control 


XXX 


FIFORdy 


RxRdy 
D 


RxRdy 
C 


RxRdy 
B 


RxRdy 
A 


TxRdy 
D 


TxRdy 
C 


TxRdy 
B 


TxRdy 
A 
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REGISTER FUNCTIONAL DESCRIPTIONS FIFO polled mode operation 



TRANSMIT AND RECEIVE HOLDING REGISTER 

The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 

On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiver status codes will 
be posted in the Line Status Register. 



FIFO INTERRUPT MODE OPERATION 

When the receive FIFO (FCR BIT-0=1) and receive 
interrupts (IER BIT-0=1) are enabled, receiver inter- 
rupt will occur as follows: 

A) The receive data available interrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will be cleared as soon as the 
FIFO drops below its programmed trigger level. 

B) The ISR receive data available indication also 
occurs when the FIFO trigger level is reached, and like 
the interrupt it is cleared when the FIFO drops below 
the trigger level. 

C) The data ready bit (LSR BIT-O) is set as soon as a 
character is transferred from the shift register to the 
receiver FIFO. It is reset when the FIFO is empty. 



When FCR BIT-0=1 puts the ST16C654 in the FIFO 
polled mode of operation. Since the receiver and 
transmitter are controlled separately either one or 
both can be in the polled mode operation by utilizing 
the Line Status Register. 

A) LSR BIT-0 will be set as long as there is one byte 
in the receive FIFO. 

B) LSR BIT4-1 will specify which error(s) has oc- 
curred. 

C) LSR BIT-5 will indicate when the transmit FIFO is 
empty. 

D) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 

E) LSR BIT-7 will indicate when there are any errors 
in the receive FIFO. 



PROGRAMMABLE BAUD RATE GENERATOR 

The ST16C654 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-24 MHz and dividing it by any divisor from 1 
to 2 16 -1 . Customize Baud Rates can be achieved by 
selecting proper divisor values for MSB and LSB of 
baud rate generator. 
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BAUD RATE GENERATOR 
TABLE (7.372 MHz CLOCK): 



PROGRAMMING 



BAUD RATE 


BAUD RATE 


16 x CLOCK 


MCR 


MCR 


DIVISOR 


BIT-7=1 


Bit-7=0 


"Decimal" 


50 


200 


2304 


75 


300 


1536 




OUU 


too 


300 


1200 


384 


600 


2400 


192 


1200 


4800 


96 


2400 


9600 


48 


4800 


19.2K 


24 


7200 


28.8K 


16 


9600 


38.4k 


12 


19.2K 


76.8k 


6 


38.4K 


153.6k 


3 


57.6K 


230.4k 


2 


115.2K 


460.8k 


1 



HARDWARE FLOW CONTROL OPERATION. 

When hardware flow control operation is enabled, the 
ST16C654 monitors the CTS* pin for transmit opera- 
tion and receiver trigger level for RTS* operation. 
When CTS* changes state from low to high, the 
ST1 6C654 suspends the transmission operation as 
soon as complete character is transmitted. ISR bit-5 
will be set (if enabled via IER bit 6-7). Transmission 
will resume as soon as CTS* pin goes low. RTS* pin 
will be forced to high state when receiver FIFO 
reached to the programmed trigger level. RTS* will go 
low when Receive Holding Register is below next 
lower trigger level. The ST16C654 will accept addi- 
tional data when transmission is suspended during 
hardware flow control till all locations are filled. 

Auto RTS* is functional onlywhen the MCR bit-1 is set 
to "1 ". The RST* output pin can change state by setting 
MCR bit-1 to "0" or "1". This provides additional 
flexibility for manual over ride and maintain the hard- 
ware flow control functionality. 



SOFTWARE FLOW CONTROL 

When software flow control operation is enabled, the 
ST16C654 will compare the two sequential receive 
data with Xoff-1,2 programmed characters. When 
these characters matched correctly, the ST16C654 
will halt the transmission after finishing the transmis- 
sion of the complete character. The receive ready, 
Xoff (if enabled via IER bit-5) flags will be set and the 
interrupt output pin (if receive interrupt is enabled) will 
be activated. After the recognition of the Xoff charac- 
ters the ST16C654 will compare next two incoming 
characters with Xon-1,2 characters. The ST16C654 
will resume the operation and clear the flags (ISR bit- 
4) when Xon characters are received. The ST16C654 
will send Xoff-1 ,2 characters as soon as received data 
passed the programmed trigger level. The ST16C654 
will transmit programmed Xon-1 ,2 characters as soon 
as receive data reached to the next lowertrigger level. 

INTERRUPT ENABLE REGISTER (IER) 

The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 

IER BIT-0: 

0= disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 

IER BIT-1: 

0= disable the transmitter empty interrupt. 
1 = enable the transmitter empty interrupt. 

IER BIT-2: 

0= disable the receiver line status interrupt. 
1= enable the receiver line status interrupt. 

IER BIT-3: 

0= disable the modem status register interrupt. 
1= enable the modem status register interrupt. 

IER BIT -4: 

0= disable sleep mode. 

1= enable sleep mode. The ST16C654 enters into 
power down mode and external clock or oscillator 
circuit is disabled. Any change of state on the RX, Rl*, 
CTS*, DSR*, and CD* pins start the ST16C654. The 
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ST16C654 will not lose the programmed bits when 
sleep mode is activated or deactivated. The 
ST1 6C654 will not enter in sleep mode if any interrupt 
is pending. 

IER BIT-5: 

0= disable the received Xoff interrupt. 
1 = enable the received Xoff interrupt. The ST1 6C654 
issues an interrupt when Xoff characters are received 
and correctly matched with Xoff 1 ,2 words. 

IER BIT-6: 

0= disable the RTS* interrupt. 

1= enable the RTS* interrupt. The ST16C654 issues 

interrupt when RTS* pin changes state from low to 

high. 



IER BIT-7: 

0= disable the CTS interrupt. 

1= enable the CTS interrupt. The ST16C654 issues 

interrupt when CTS pin changes state from lowto high. 



INTERRUPT STATUS REGISTER (ISR) 

The ST16C654 provides six level prioritized interrupt 
conditions to minimize software overhead during data 
character transfers. The Interrupt Status Register 
(ISR) provides the source of the interrupt in prioritized 
matter. During the read cycle the ST16C654 provides 
the highest interrupt level to be serviced by CPU. No 
other interrupts are acknowledged until the particular 
interrupt is serviced. The following are the prioritized 
interrupt levels: 



Priority level 



p 


D5 


D4 


11 


11 


D1 


00 


Source of the interrupt 


1 











1 


1 





LSR (Receiver Line Status Register) 


2 











1 








RXRDY* (Received Data Ready) 


2 








1 


1 








RXRDY* (Receive Data time out) 


3 














1 





TXRDY ( Transmitter Holding Register Empty) 


4 




















MSR (Modem Status Register) 


5 





1 














RXRDY* (Received Xoff signal)/ Special character 


6 


1 

















CTS, RTS* change of state 



ISRBIT-0: 

0= an interrupt is pending and the ISR contents may 
be used as a pointer to the appropriate interrupt 
service routine. 
1= no interrupt pending. 

ISR BIT 1-3: 

Logical combination of these bits, provides the high- 
est priority interrupt pending. 

ISR BIT 4-5: 

These bits are enabled when EFR bit-4 is set to "1". 



ISR bit-4 indicates that matching Xoff characters have 
been detected. ISR bit-5 indicates that CTS, RTS* 
have been received or issued. Note that the ISR bit-4 
will stay "1" till Xon characters are received. 

ISR BIT 6-7: 

These bits are not used and are set to zero in 
ST16C450 mode. BIT 6-7: are set to "1" in ST16C654 
mode. 
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FIFO CONTROL REGISTER (FCR) 

This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 

FCR BIT-0: 

0= disable the transmit and receive FIFO. 

1= enable the transmit and receive FIFO. 

This bit should be enabled before setting the FIFO 

trigger levels. 

FCR BIT-1: 

0= No change. 

1 = Clears the contents of the receive FIFO and resets 
its counter logic to (the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 



Transmit operation in mode "1": 
When ST1 6C654 is in FIFO mode ( FCR bit-0=1 , FCR 
bit-3=1 ) the TXRDY* pin will become high (inactive) 
when the transmit FIFO is completely full. It will be low 
if one or more FIFO locations are empty. 

Receive operation in mode "1": 
When ST1 6C654 is in FIFO mode ( FCR bit-0=1 , FCR 
bit-3=1 ) and the trigger level has been reached, the 
RXRDY* pin will go low. Once it is activated it will go 
high (inactive) when there are no more characters in 
the FIFO. 

FCR BIT 4-5: 

These bits are used to set the trigger level for the 
transmit FIFO interrupt. The ST16C654 will issue a 
transmit empty interrupt when numberof characters in 
FIFO drops below the selected trigger level. 



FCR BIT-2: 

0= No change. 

1 = Clears the contents ofthe transmit FIFO and resets 
its counter logic to (the transmit shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCR BIT-3: 

0= No change. 

1 = Changes RXRDY* and TXRDY pins from mode "0" 
to mode T. 

Transmit operation in mode "0": 
When ST1 6C654 is in ST1 6C450 mode ( FCR bit-0=0 
) or in the FIFO mode ( FCR bit-0=1 , FCR bit-3=0 ) 
when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 

Receive operation in mode "0": 
When ST1 6C654 is in ST1 6C450 mode ( FCR bit-0=0 
) or in the FIFO mode ( FCR bit-0=1 , FCR bit-3=0 ) and 
there is at least 1 character in the receive FIFO, the 
RXRDY* pin will go low. Once active the RXRDY* pin 
will go high (inactive) when there are no more charac- 
ters in the receiver. 



BIT-5 


lllllllll 


FIFO trigger level 








8 





1 


16 


1 





32 


1 


1 


56 



FCR BIT 6-7: 

These bits are used to set the trigger level for the 
receiver FIFO interrupt. 



BIT-7 


llllill 


FIFO trigger level 








8 





1 


16 


1 





56 


1 


1 


60 
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LINE CONTROL REGISTER (LCR) 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCR BIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 



!!!ll!f 


BIT-0 


Word length 








5 





1 


6 


1 





7 


1 


1 


8 



LCR BIT-2: 

The number of stop bits can be specified by this bit. 



BIT-2 


Word length 


Stop bit(s) 





5,6,7,8 


1 


1 


5 


1-1/2 


1 


6,7,8 


2 



LCR BIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 

LCR BIT-6: 

Break control bit. It causes a break condition to be 

transmitted (the TX is forced to low state). 

0= normal operating condition. 

1 = forces the transmitter output (TX) to go low to alert 

the communication terminal. 

LCR BIT-7: 

The internal baud rate counter latch and Enhance 
Feature mode enable (DLAB). 
0= normal operation. 

1= Divisor latch and Enhanced Feature register en- 
able. 

MODEM CONTROL REGISTER (MCR) 

This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCR BIT-0: 

0= force DTR* output to high. 
1 = force DTR* output to low. 



LCR BIT-3: 

Parity or no parity can be selected via this bit. 
0= no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 

LCR BIT-4: 

If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 

0= ODD parity is generated by forcing an odd number 
of 1 's in the transmitted data, receiver also checks for 
same format. 

1 = EVEN parity bit is generated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 



MCR BIT-1: 

0= force RTS* output to high. 
1 = force RTS* output to low. 
RTS* is used as hardware flow control signal when 
enabled via EFR bjt-6. RTS* goes high when FIFO is 
reached to the selected trigger level and goes low as 
soon as content of the receive holding register is below 
the trigger level. Content of this register changes with 
state of the hardware flow control, functions normally 
when hardware flow control is disabled. 

MCR BIT-2: 

This bit is used in internal loop-back mode only. 
0= set OP1* output to high. 
1= set OP1* output to low. 
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MCR BIT-3: 

0= set OP2* output to high (internal loopback mode). 
Forces INTx outputs to three state mode if INTSEL pin 
is left open or connected to GND. It has no effect if 
INTSEL pin is connected to VCC. 
1= set OP2* output to low (internal loopback mode). 
Sets the INTx outputs to active mode if INTSEL pin is 
left open or connected to GND. It has no effect if 
INTSEL pin is connected to VCC. 



MCR BIT-4: 

0= normal operating mode. 
1= enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) , CTS*, DSR*, CD*, and Rl* are 
disabled. Internally the transmitter output is con- 
nected to the receiver input and DTR*, RTS*, OP1* 
and OP2* are connected to modem control inputs. 
In this mode , the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
now the lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER . 

MCR BIT-5: 

= Disable Xon any function, ST16C550 compatible. 
1= Enable Xon any function. 

MCR BIT-6: 

0= Standard UART receive and transmit input /output. 

1 = Infrared receive and transmit input / output. The TX 
A-D outputs and RX A-D inputs are converted to 
Infrared encoder/decoder output/input format. TX 
output goes low when this bit is set to "1". 



MCR BIT-7: 

0= Normal or divide by one clock input. Standard 
ST16C550 baud rates can be selected when this bit is 
set to "0" and 1 .8432 MHz crystal is used. 
1= Divide by four clock input. Standard ST16C550 
baud rates can be selected when this bit is set to "1" 
and 7.372 MHz crystal is used. 



LINE STATUS REGISTER (LSR) 



This register provides the status of data transfer to 
CPU. 

LSR BIT-0: 

0= no data in receive holding register or FIFO. 

1= data has been received and saved in the receive 

holding register or FIFO. 

LSR BIT-1: 

0= no overrun error (normal). 
1= overrun error, next character arrived before re- 
ceive holding register was emptied or if FIFOs are 
enabled, an overrun error will occur only after the 
FIFO is full and the next character has been com- 
pletely received in the shift register. Note that charac- 
ter in the shift register is overwritten, but it is not 
transferred to the FIFO. 

LSR BIT-2: 

0= no parity error (normal). 

1= parity error, received data does not have correct 
parity information. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 

LSR BIT-3: 

0= no framing error (normal). 
1 = framing error received, received data did not have 
a valid stop bit. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 

LSR BIT-4: 

0= no break condition (normal). 
1= receiver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character is loaded into the FIFO. 

LSR BIT-5: 

It indicates that the ST1 6C654 is ready to accept a new 
character for transmission. In addition, it causes the 
ST16C654 to issue an interrupt to the CPU when the 
transmit holding register empty interrupt enable is set. 

0= transmit holding register is not empty. 
1 = transmit holding register (or FIFO ) is empty. CPU 
can load the next characters. When this bit is set, CPU 
can load upto 64 bytes of data to the ST16C654. 
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LSR BIT-6: 

0= transmitter holding and shift registers are full. 
1= transmitter holding and shift registers are empty. 
In FIFO mode this bit is set to one whenever the 
transmitter FIFO and transmit shift register are empty. 

LSR BIT-7: 

0= normal. 

1= at least one parity error, framing error or break 
indication in the FIFO. This bit is cleared when LSR is 
read. 

MODEM STATUS REGISTER (MSR) 

This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 

MSR BIT-0: 

Indicates that the CTS* input to the ST16C654 has 
changed state since the last time it was read. 

MSR BIT-1: 

Indicates that the DSR* input to the ST16C654 has 
changed state since the last time it was read. 

MSR BIT-2: 

Indicates that the Ri* input to the ST16C654 has 
changed from a low to a high state. 

MSR BIT-3: 

Indicates that the CD* input to the ST16C654 has 
changed state since the last time it was read. 

MSR BIT-4: 

This bit is equivalent to RTS* in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 

CTS* functions as hardware flow control signal input 
if it is enabled via EFR bit-7. Transmit holding register 
is gated with this input to start/stop the transmission. 
A high at this pin will stop the transmission as soon as 
complete character is transmitted. 



This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 

MSR BIT-6: 

This bit is equivalent to OP1 in the MCR during local 
loop-back mode. It is the compliment of the RI* input. 

MSR BIT-7: 

This bit is equivalent to OP2 in the MCR during local 
loop-back mode. It is the compliment to the CD* input. 

Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 

SCRATCHPAD REGISTER (SR) 

ST16C654 provides a temporary data register to store 
8 bits of information for variable use. 



ENHANCED FEATURE REGISTER (EFR) 

Enhanced Features can be Enable/Disabled via this 
register. 

EFR BIT 0-3: 

Combinations of software flow control can be selected 
by programming this bits. 



MSR BIT-5: 
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uoni-i 


LrOni-u 


1 x, rcx son ware tiow conirois 








X 


X 


No transmit flow control 


1 


U 


v 
A 


Y 

A 


i ransmn Aoni , aotu 





1 


X 


X 


Transmit Xon2, Xoff2 


1 


1 


Y 
A 


A 


Trancmit Ynn1 anri YnnO • YnfH YnffO 

I ransmii aom i ana Aonz . aott i , aottz 


X 


X 








No receive flow control 


X 


X 







Receiver compares Xon1 , Xoffl 


X 


X 




1 


Receiver compares Xon2, Xoff2 


1 







1 


Transmit Xon1, Xoffl. 

Receiver compares Xon1 orXon2» 

Xoffl orXoff2 





1 




1 


Transmit Xon2, Xoff2 

Receiver compares Xon1 orXon2, 

Xoffl or Xoff2 


1 


1 




1 


Transmit Xon1 and Xon2 : Xoffl and Xoff2 
Receiver compares Xon1 and Xon2 : Xoffl and Xoff2 










1 


No transmit flow control 

Receiver compares Xon1 and Xon2 : Xoffl and Xoff2 



EFR BIT-4: 

Enhanced functions enable bit. 
0= disables the IER bits 4-7, ISR bits 4-5, FCR bits 4- 
5 and MCR bits 5-7. After hardware reset, the IER bits 
4-7, ISR bits 4-5, FCR bits 4-5, and MCR bits 5-7 are 
set to "0" to be compatible with ST16C550 mode. 
1= enables the enhanced functions. When this bit is 
set to "1" all enhanced features of the ST16C654 are 
enabled. The content of the IER bits 4-7, ISR bits 4-5, 
FCR bits 4-5, and MCR bits 5-7 can be modified and 
latched. After modifying the IER bits 4-7, ISR bits 4-5, 
FCR bits 4-5, and MCR bits 5-7, the EFR bit-4 can be 
set to "0" to latch the contents of the new values, this 
feature is provided to prevents the existing software's 
to alter/ overwrite the ST1 6C654 enhanced functions. 

EFR BIT-5: 
0= Normal. 

1 = Special character detect. ST16C654 compares the 
incoming receive data with Xoff-2 data. Up on correct 
match, the received data will be transferred to FIFO 



and ISR Bit-4 will be set to indicate detection of special 
character. 

EFR BIT-6: 

RTS* flow control. 

= Normal. RTS* flow control is disabled. Standard 
ST16C550 mode. 

1 = RTS* pin goes high when receive FIFO's are reach 
to the programmed trigger level. 

EFR Bit-7: 

CTS* flow control. 

= Normal. CTS* flow control mode is disabled. 
Standard ST16C550 mode. 

1 - Transmission is resumed when low input signal is 
detected on the CTS* pin. 



FIFO READY REGISTER 

This register provides the state of the transmit and 
receive FIFO. 
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FIFORdy Bit 0-3: 

= Transmit FIFO is full. The ST16C650 can not take 
any more transmit data. 

1 = One or more empty location in FIFO or FIFO is 
below transmit trigger level. 

FIFORdy Bit 4-7: 

= Receiver is above the trigger level or timeout is 
occurred. 

1 = Receiver is not ready. 



SIGNALS 


RESET STATE 


TXA-D 


High 


RTS* A-D 


High 


DTR* A-D 


High 


RXRDY* A-D 


High 


TXRDY* A-D 


Low 



ST16C654 EXTERNAL RESET CONDITION 



REGISTERS 


RESET STATE 


IER 


IER BITS 0-7=0 


ISR 


ISR BIT-0=1 , ISR BITS 1-7=0 


LCR 


LCR BITS 0-7=0 


MCR 


MCR BITS 0-7=0 


LSR 


LSR BITS 0-4=0, 




LSR BITS 5-6=1 LSR, BIT 7=0 


MSR 


MSR BITS 0-3=0, 




MSR BITS 4-7= input signals 


FCR 


FCR BITS 0-7=0 


EFR 


EFR BITS 0-7=0 



DSRA* 
CTSA* 
DTRA* 
VCC 
RTSA* 
INTA 
CSA* 
TXA 
IOW* 
TXB 
CSB* 
INTB 
RTSB* 
GND 
DTRB* 
CTSB* 



DC 



en 



QZ 



o 



ST16C654CQ64 



«] 
«] 

«] 

«] 

39 | 

±] 

IT] 
IT) 

"33"] 



DSRD* 

CTSD* 

DTRD* 

GND 

RTSD* 

INTD 

CSD* 

TXD 

IOR* 

TXC 

CSC* 

INTC 

RTSC* 

VCC 

DTRC* 

CTSC* 



3 < 



5 3 t 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 


Min 


Limits 
Typ 


Max 


Units 


Conditions 


Ti 


Clock high pulse duration 


20 






ns 




f 

12 


Clock low pulse duration 


20 






ns 




T 

18 


Chip select setup time 


5 






ns 




T 

1 9 


Chip select hold time 









ns 




1 12 


Data setup time 


A C 

15 






ns 




I 13 


Data hold time 


A C 

15 






ns 




T14 


IOW* delay from chip select 


10 






ns 




1 15 


IfMA/* ctrrtho tA/iHth 

ivjvv siroDe wiam 


en 

ou 






ns 




I 16 


i/Nip seieci noia nme irom ivjvv 


U 






ns 




1 17 


vvnie cycie aeiay 


clc 
00 






ns 




Tw 


Write cycle=Ti5+Ti? 


105 






ns 




-r 
I 19 


Data hold time 


15 




25 


ns 




I 21 


ivjk aeiay irom cnip select 








ns 




1 23 


iuk strooe wiatn 


65 






ns 




1 24 


unip seieci noia nme trom iuk 


r\ 
U 






ns 




Tic 
1 25 


DaqH /^v#^Ia 

r\eaa cycie aeiay 


clcl 
00 






ns 




Tr 
1 1 


Keaa cycie— 1 23+ 1 25 


A A EL 

no 






ns 




T26 


Delay from IOR* to data 






35 


ns 


100 pF load 


T28 


Delay from IOW* to output 






50 


ns 


100 pF load 


T29 


Dplav to ^pf intprrnnt frnm MODFM 






70 


nc 
1 10 


i uu pr ludu 


T30 


Delay to reset interrupt from IOR* 
input 






70 


ns 


100 pF load 


T31 


Delay from stop to set interrupt 






iRCIk 




100 pF load 


T32 


Delay from IOR* to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 
start 


8 




24 


* 




T34 


Delay from stop to interrupt 






100 


ns 




T35 


Delay from IOW* to reset interrupt 






175 


ns 




T44 


Delay from stop to set RxRdy 






1rclk 






T45 


Delay from IOR* to reset RxRdy 






1 


|1S 




T46 


Delay from IOW* to set TxRdy 






195 


ns 




T47 


Delay from start to reset TxRdy 






8 


* 
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ABSOLUTE MAXIMUM RATINGS 



Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



7 Volts 

GND-0.3 V to VCC+0.3 V 
0° C to +70° C 
-40° C to +150° C 
500 mW 



DC ELECTRICAL CHARACTERISTICS 



3 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














VlLCK 


Clock input low level 


-0.5 




0.6 


V 




VlHCK 


Clock input high level 


3.0 




VCC 


V 




VlL 


Input low level 


-0.5 




0.8 


V 




VlH 


Input high level 


2.2 




VCC 


V 




Vol 


Output low level on all outputs 






0.4 


V 


Iol= 6 mA 


VOH 


Output high level 


2.4 






V 


Ioh= -6 mA 


Ice 


Avg power supply current 




1.3 


2.5 


mA 




Vop 


Operating voltage 


3 




5 


V 




ISLP 


Avg sleep mode current 




800 


1 


\iA 




IlL 


Input leakage 






±10 


\iA 




ICL 


Clock leakage 






±10 


\iA 




RlN 


Internal pull-up resistance 


5 




15 


kQ 


*Marked pins 



This product can operate in 3.0 Volts environment. Please consult with factory for additional information. 



CLOCK TIMING 



EXTERNAL 
CLOCK 




W : ►N W 10 

CLOCK PERIOD CLOCK PERIOD 161450-CK-1 
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GENERAL READ TIMING 



A0-A2 



CSx* 



IOR* 



D0-D7 



I T8 



T9 



T21 T23 ^ — ^T24 T25 , 
\4 H 



T26 



W -w 



T19 



GENERAL WRITE TIMING 



162450-RD-1 



A0-A2 



CSx* 



IOW* 



D0-D7 



I T8 



T9 



T14 \<~>\ T15 ►! T16 T17 ■ 

N ■ — H« - ^ ->j 



T12 |« 


I 

H<*| T13 















162450-WD-1 
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RECEIVE TIMING 



RX 



INTx 



IOR* 



START BIT 
H 



DATA BITS (5-8) 



STOP BIT 



DO 



D1 



D2 



D3 



D4 



5 DATA BITS 



H4- 



6 DATA BITS 



7 DATA BITS 




16 BAUD RATE CLOCK 



162450-RX-1 



Patent pending 
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RXRDY TIMING FOR MODE M 0" 

START BIT 
H 

W 



DATA BITS (5-8) 



STOP BIT 



RX 

(First byte) 



! do 


D1 


D2 


D3 


D4 


D5 


D6 


D7 




















5 DATA BITS 



PARITY BIT 



\4- 



6 DATA BITS 



7 DATA BITS 



WT44 



RXRDY* 



IOR* 



T45 



16552-RX-2 
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RXRDY TIMING FOR MODE "V 



START BIT 



RX 



DATA BITS (5-8) 



STOP BIT 



w — 














►! 


;» 


D1 


D2 


D3 


D4 


D5 


D6 


07 ){ 

-j 




5 DATA BITS 



PARITY BIT 



6 DATA BITS 



7 DATA BITS 



First byte that reaches 
the trigger level 



T44 



RXRDY* 



IOR* 



H HT45 



16552-RX-3 
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TRANSMIT TIMING 



TX 



INTx 



I0W* 



START BIT 
H 



DATA BITS (5-8) 



STOP BIT 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



5 DATA BITS 



D7 



6 DATA BITS 



7 DATA BITS 



T33 



PARITY BIT 



NEXT 
DATA 
START BIT 



-N H4- T34 



I I 

T35 -W \4- 

I 



16 BAUD RATE CLOCK 



162450-TX-1 
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TXRDY TIMING FOR MODE "0" 



TX 



IOW* 



D0-D7 



TXRDY* 



START BIT 
H 



BYTE #1 



\__ 



DATA BITS (5-8) 



STOP BIT 



\ 00 


D1 


D2 


D3 


D4 


D5 


D6 


D7 



















5 DATA BITS 




PARITY BIT 



6 DATA BITS 



7 DATA BITS 



T46 



T47 



16552-TX-2 
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TXRDY TIMING FOR MODE "1" 



TX 



IOW* 



D0-D7 



TXRDY* 



START BIT 
H 



DATA BITS (5-8) 



STOP BIT 



DO 



V 



PYTE#16 



D1 



D2 



D3 D4 



D5 



5 DATA BITS 




PARITY BIT 



6 DATA BITS 



7 DATA BITS 



T46 



-W \+ T47 



1/ 



FIFO FULL 



16552-TX-3 
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A0-A4 



CS* 



R/W* 



D0-D7 




8454-RD-1 



GENERAL WRITE TIMING 



A0-A4 



CS* 



R/W* 



D0-D7 




68454-WD-1 
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MODEM TIMING 



R/W* 



T28 



RTS* 
DTR* 



CD 

CTS 

DSR 



T29 



\4->\ T29 



IRQ* 



Rl 



T29 



68454-MD-1 
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RXRDY TIMING FOR MODE "0" 

START BIT 
H 

W 



DATA BITS (5-8) 



STOP BIT 



RX 

(First byte) 



!» 


D1 


D2 


D3 


D4 


D5 


D6 


D7 
















-j 



\4r 



5 DATA BITS 




PARITY BIT 



6 DATA BITS 



7 DATA BITS 



WT44 



RXRDY* 



CS* 



k NT45 



68554-RX-2 
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RXRDY TIMING FOR MODE "1" 



RX 



START BIT 



DATA BITS (5-8) 



STOP BIT 



W 














N 


{00 


D1 


D2 


D3 


D4 


D5 


D6 


D7 ){ 




5 DATA BITS 



PARITY BIT 



6 DATA BITS 



7 DATA BITS 



First byte that reaches 
the trigger level 



WT44 



RXRDY* 



CS* 



N HT45 



68554-RX-3 
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TXRDY TIMING FOR MODE "0" 



TX 



RAAT 



D0-D7 



TXRDY* 



START BIT 
H 



DATA BITS (5-8) 



STOP BIT 



| DO 


D1 


D2 


D3 


D4 


D5 


D6 


D7 



















BYTE #1 




5 DATA BITS 



PARITY BIT 



6 DATA BITS 



7 DATA BITS 



T46 



T47 



68554-TX-2 
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TXRDY TIMING FOR MODE "1" 



R/W* 



D0-D7 



TXRDY* 



START BIT 



DATA BITS (5-8) 



STOP BIT 





w — 














W 


TX 


VJ do 


D1 


D2 


D3 


D4 


D5 


D6 


D7 )( 



BYTE #16 



\ 



5 DATA BITS 




PARITY BIT 



6 DATA BITS 



7 DATA BITS 



T46 



-W T47 



I/ 



FIFO FULL 



68554-TX-3 
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STARTECH XR-88C681 

An X # EXHRCompany Printed August 7, 1995 

DUAL UNIVERSAL ASYNCHRONOUS RECEIVER AND TRANSMITTER 



DESCRIPTION 



The XR-68C681/88C681 is a Dual Universal Asyn- 
chronous Receiver and Transmitter with 3 bytes of 
receive FIFO. The XR-68C681/88C681 is the im- 
proved version of the Signetics SCC2681 Dual UART 
with additional features. 

The XR-68C681/88C681 provides independent re- 
ceive and transmit operating speeds that can be 
selected as one of the eighteen fixed baud rates, a 16 
X clock derived from a programmable counter/timer, 
or an external 1 X or 1 6X clock. The baud rate genera- 
tor and counter/timer can operate directly from a 
crystal or from external clock input. The XR-68C681/ 
88C681 provides a power-down mode in which the 
oscillator is stopped but the register contents are 
stored. 



PLCC Package 




o z E 



Plastic-Dip Package 



FEATURES 



► Pin to pin and functional compatible to SCC2681 

► 3 bytes receive FIFO 

► Full duplex asynchronous transmit receive opera- 
tion 

» Programmable character lengths (5, 6, 7, 8) 

► Parity, framing, and over run error 

» Programmable 16-bit timer/counter 

► On-chip crystal oscillator 

► TTL compatible inputs, outputs 

► Single interrupt output with seven selectable inter- 
rupting conditions 

► 18 fixed baud rates from 50Hz to 1 M 



ORDERING INFORMATION 



Part number 

XR-88C681CP28 

XR-88C681CP40 

XR-88C681CJ44 

XR-68C681CP40 

XR-68C681CJ44 



Package Operating temperature 



Plastic-Dip 

Plastic-Dip 

PLCC 

Plastic-Dip 

PLCC 



0° C to + 70° C 
0° C to + 70° C 
0° C to + 70° C 
0° C to + 70° C 
0° C to + 70° C 
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m> STARTECH XR-82C684 

An ]38S* EXflRCompany Printed August 7, 1995 

QUAD UNIVERSAL ASYNCHRONOUS RECEIVER AND TRANSMITTER 



DESCRIPTION 



The XR-82C684 is a Quad Universal Asynchronous 
Receiver and Transmitter with 3 bytes of receive 
FIFO. The XR-82C684 is software compatible with 
XR-68C681/88C681 and Signetics SCC2681 Dual 
UART. 

The XR-82C682 provides independent receive and 
transmit operating speeds that can be selected as one 
of the eighteen fixed baud rates, a 16 X clock derived 
from a programmable counter/timer, or an external 1 X 
or 16X clock. The baud rate generator and counter/ 
timer can operate directly from a crystal or from 
external clock input. The XR-82C684 provides a 
power-down mode in which the oscillator is stopped 
but the register contents are stored. 



FEATURES 



► Functional compatible with SCC2681 

► 3 bytes receive FIFO 

► Full duplex asynchronous transmit receive opera- 
tion 

► Programmable character lengths (5, 6, 7, 8) 

► Parity, framing, and over run error 

► Programmable 16-bit timer/counter 

► On-chip crystal oscillator 

► TTL compatible inputs, outputs 

► Single interrupt output with seven selectable inter- 
rupting conditions 

► 1 8 fixed baud rates from 50Hz to 1 M 



ORDERING INFORMATION 



Part number 

XR-82C684CJ44 

XR-82C684CJ68 



Package Operating temperature 
PLCC 0° C to + 70° C 

PLCC 0° C to + 70° C 



68 Pin PLCC Package 




44 Pin PLCC Package 
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XR-82C684 



~39~| RXDA 

"38] RDN 

~37~1 IP1/CTSB 

36~1 IPO/CTSA 

~35~1 AO 

"34~| Al 

"33~1 A2 

~32~1 A3 

~3T] A4 

~30] IP8/CTSC 

~29~\ IP9/CTSD 



Rev. 1.0 



3-307 



XR-82C684 



XR-68C681/88C681 BLOCK DIAGRAM 



D0-D7 
R/WN 
RDN/WRN 
RESET 
RESETN 



A0-A4 
CEN 



INRN 
IACKN 
IEI 
IEO 



C=3 



Data bus 
Control Logic 


r | 

h 




Inter Connect Bus Lines 
Control signals 


Register 
Select 
Logic 



Transmit 

FIFO 
Registers 



Clock 
& 

Baud Rate 
Generator 



\ 



Transmit 

Shift 
Register 



Receive 




Receive 


FIFO 




Shift 


Registers 




Register 



I/O 
Control 
Logic 



=> 



TXA-D 



RXA-D 



OP 0-15 



IP 0-15 



3-308 



ST16C452AT 

^ STARTECH ST16C452PS 

An ]SE? EX^RCompany Printed August 7, 1995 

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH PARALLEL 
PRINTER PORT 



DESCRIPTION 



The ST16C452 is a dual universal asynchronous 
receiver and transmitter with a bi-directional 
CENTRONICS type parallel printer port. A program- 
mable baud rate generator is provided to select trans- 
mit and receive clock rates from 50Hz to 1.5 MHz. 
STARTECH ST16C452PS provides additional fea- 
tures to control the printer port direction without any 
additional external logic. 

The ST16C452 is an improved version of the 
VL16C452 UART with higher operating speed and 
lower access time. The ST16C452 on board status 
registers provides the error conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C452 
provides internal loop-back capability for on board 
diagnostic testing. 

The ST16C452 is fabricated in an advanced 1.2u. 
CMOS process to achieve low drain power and high 
speed requirements. 



PLCC Package 




FEATURES 



• Pin to pin and functional compatible to VL1 6C452, 
WD16C452 

• Fully compatible with all new bi-directional PS/2 
printer port registers. 

• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl*, CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, orno parity bitgeneration and detection 

• Independent transmit and receive control 

• Software compatible with INS8250, NS16C450 

• 460.8 kHz transmit/receive operation with 7.372 
MHz crystal or external clock source. 

• Bi-directional hardware/software parallel port 

• Bi-directional I/O ports 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST16C452CJ68 PLCC 0° C to + 70° C 

ST16C452IJ68 PLCC -40° C to + 85° C 



Rev. 1.0 
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BLOCK DIAGRAM 



D0-D7 
I OR* 
WW* 
RESET* 
BIDEN 



A0-A2 
CSA* 
CSB* 
CSP* 



INT A/B 
INTP 





7 

nnectBus Lines 
trol signals 


Register 
Select 
Logic 




Inter C 

Co 



Transmit 
Holding 
Register 



Receive 
Holding 
Register 




Clock 
& 

Baud Rate 
Generator 



Transmit 

Shift 
Register 



Receive 

Shift 
Register 



Printer 
Data 
Ports 



Printer 
Control 
Logic 



Modem 
Control 
Logic 



TXA/B 



RXA/B 



PD0-PD7 

STROBE* 
INIT 

AUTOFDX* 
SELCTIN* 

PE, SELECT 

BUSY*,ACK* 

ERROR 

DTRA/B* 
RTSA/B* 

CTSA/B* 
RI A/B* 
CD A/B* 
DSRA/B* 
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Symbol 


Pin 


Signal Type 


Pin Description 


D0-D7 


14-21 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


A0-A2 


35-33 


I 


Address select lines. To select internal registers. 


CLK 


4 


I 


Clock input. An external clock can be used to clock internal 
circuit and baud rate generator for custom transmission 
rates. 


BIDEN 


1 


I 


Printer direction select. A high puts the parallel port in the 
input mode for ST1 6C452AT and software controlled mode 
(input/output) to ST1 6C452PS. Allow sets the ST1 6C452 to 
output mode. 


IOW* 


36 


I 


Write strobe (active low). A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


IOR* 


37 


I 


Read strobe (active low). A low level on this pin transfers 
the contents of the ST16C452 data bus to the CPU. 


RDOUT 


44 


O 


Read select out (active high). This pin goes high when the 
CPU is reading data from the ST16C452 to en/disable the 
external transceiver or logic's. 


RESET* 


39 


I 


Master reset, (active low) A low on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CS* A/B 


32,3 


I 


Chip select A/B (active low). A low at this pin enables the 
serial port-A/B / CPU data transfer operation. 


DSR* A/B 


31,5 


I 


Data set ready A/B (active low). A low on this pin indicates 
the MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


RI*A/B 


30,6 


I 


Ring detect indicator A/B (active low). A low on this pin 
indicates the modem has received a ringing signal from 
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Symbol 


Pin 


Signal Type 


Pin Description 








telephone line. 


CD* A/B 


29 8 


I 


f^arripr rlpfppt A/R (aptiv/p InuA A Inw nn thi<s nin inriic»tp<5 
wet 1 1 ici ucicoi r\i o yavsii vc ivjwy . / \ iuw wi i ii iso jjm i ii iucociico 

the carrier has been detected by the modem. 


TXA/B 


26,10 


O 


Serial data output A/B. The serial data is transmitted via 
this pin with additional start , stop and parity bits. The TX will 
be held in mark (high) state during reset, local loopback 
mode or when the transmitter is disabled. 


DTR* A/B 


25,11 





Data terminal ready A/B (active low). To indicate that 
ST16C452 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1 " at the MCR bit-0 will set the DTR* output to low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset . Note that this pin does not have 
any effect on the transmit or receive operation. 


RTS* A/B 


24,12 


o 


Request to send A/B (active low). To indicate that the 
transmitter has data ready to send. Writing a "1" in the 
modpm control renister (MCR bit-1 ^ will set this Din to a low 

1 1 1 V-/ VJ \s 1 1 1 IILIv/l 1 V/UIOIV/I 11 V 1 >— / 1 \ ImML I / Will O v/ L UIIO W/lll L\J C4 ivff 

state. After the reset this pin will be set to high. Note that 
this pin does not have any effect on the transmit or receive 
operation. 


RX A/B 


41,62 


I 


Serial data input A/B. The serial information (data) received 
from serial port to ST16C452 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
local loopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


CTS* A/B 


28,13 


I 


Clear to send A/B (active low). The CTS* signal is a 
MODEM control function input whose conditions can be 
tested by reading the MSR BIT-4. CTS* has no effect on the 
transmit or receive operation. 


INT A/B 


45,60 


o 


Interrupt output A/B (three state active high) This pin goes 
high (when enabled by the interrupt enable register) when- 
ever a receiver error, receiver data available, transmitter 
empty, or modem status condition flag is detected. 
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Symbol 


Pin 


Signal Type 


Pin Description 


CSP* 
PD7-PD0 


38 
46-53 


I 

I/O 


Parallel printer port chip select (active low). A low at this pin 
enables the parallel port / CPU data transfer operation. 
Bi-directional parallel ports (three state). To transfer data in 
or out of the ST1 6C452 parallel port. PD7-PD0 are latched 
during output mode. 


STROBE* 


55* 


I/O 


General purpose I/O or data strobe output (open drain 
active low). This output indicates to the printer that valid 
data is available at the printer port (PD0-PD7). 


AUTOFDXT* 


56* 


I/O 


General purpose I/O or automatic line feed (open drain 
active low). When this signal is low the printer should 
automatically line feed after each line is printed. 


INIT 


57* 


I/O 


General purpose I/O or initialize line printer (open drain 
active low). When this signal is low it causes the printer to 
be initializes. 


SLCTIN* 


58* 


I/O 


General purpose I/O or line printer select (open drain active 
low). When this signal is low it selects the printer. 


ERROR* 


63* 


I 


General purpose input or line printer error (active low) This 
is an output from the printer to indicate an error by holding 
it low during error condition. 


SLCT 


65* 


I 


General purpose input or line printer selected (active high). 
This is an output from the printer to indicate that the line 
printer has been selected. 


BUSY 


66* 


I 


General purpose input or line printer busy (active high). An 
output from the printer to indicate printer is not ready to 
accept data. 


PE 


67* 


I 


General purpose input or line printer paper empty (active 
high). An output from the printer to indicate out of paper. 


ACK* 


68* 


I 


General purpose input or line printer acknowledge (active 
low). This input is pulsed low by the printer to indicate that 
data has been accepted successfully. 
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Symbol 


Pin 


Signal Type 


Pin Description 


INTP* 


59 


O 


Printer interrupt output (active low). To signal the state of 
the printer port. This pin tracks the ACK* input pin, When 
ACK* is low INTP is low and when ACK* is high INTP is high 


INTSEL* 


43 


I 


Interrupt select mode. The external ACK* can be selected 
as an interrupt source by connecting this pin to the GND. 
Connecting this pin to VCC will set the interrupt to latched 
mode, reading the status register of the printer section 
resets the INTP output. 


GND 


2,7,22 
42,54,61 


o 


Signal and power ground. All ground pins are connected 
internally. 


VCC 


23,40,64 


I 


Power supply input. All power pins are connected internally. 



* Have internal pull-up resistor on inputs 



PROGRAMMING TABLE FOR SERIAL PORTS A/B 



A2 


A1 


AO 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Interrupt Enable Register 





1 





Interrupt Status Register 







1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 
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ST16C452 ACCESSIBLE REGISTERS 2 



A2 A1 AO 


Register 


BIT-7 


BIT-6 


BIT-5 


BIT-4 


BIT-3 


BIT-2 


BIT-1 


BIT-0 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


IER 














modem 
status 
interrupt 


receive 

line 
status 
interrupt 


transmit 
holding 
register 


receive 
holding 
register 


U 1 U 


IQD 


U 


U 


U 


U 


U 


IMT 

IN I 

priority 
bit-1 


IN I 

priority 
bit-0 


I KIT 

IN I 

status 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 


1 


MCR 











loop 
back 


INT 

CI IdUIC 


Not 
used 


RTS* 


DTR* 


1 1 


LSR 





trans, 
empty 


trans, 
holding 
empty 


break 
interrupt 


framing 
error 


parity 
error 


overrun 
error 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


DLM 


bit-15 


bit-14 


bit-13 


bit-12 


bit-11 


bit-10 


bit-9 


bit-8 



DLL and DLM are accessible only when LCR bit-7 is set to "1". 
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REGISTER FUNCTIONAL DESCRIPTIONS 
TRANSMIT AND RECEIVE HOLDING REGISTER 

The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 

On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiver status codes will 
be posted in the Line Status Register. 



PROGRAMMABLE BAUD RATE GENERATOR 

The ST16C452 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-24 MHz and dividing it by any divisor from 1 
to 2ie -1. The output frequency of the Baudout* is 
equal to 16X of transmission baud rate (Baudout*=16 
x Baud Rate). Customize Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 



INTERRUPT ENABLE REGISTER (IER) 

The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 



IER BIT-0: 

0=disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 

IER BIT-1: 

0=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 

IER BIT-2: 

0=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 

IER BIT-3: 

0=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 

IER BIT 7-4: 

All these bits are set to logic zero. 



INTERRUPT STATUS REGISTER (ISR) 

The ST16C452 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Interrupt Status Regis- 
ter (ISR) provides the source of the interrupt in priori- 
tized matter. During the read cycle the ST16C452 
provides the highest interrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized interrupt levels: 



Priority level 



p 


D2 


D1 


DO 


Source of the interrupt 


1 


1 


1 





LSR (Receiver Line Status 










Register) 


2 


1 








RXRDY (Received Data 










Ready) 


3 





1 





TXRDY( Transmitter Holding 










Register Empty) 


4 











MSR (Modem Status Regis- 










ter) 



3-316 



ST16C452AT 
ST16C452PS 



c/> 



o 

cn 
ro 
> 
H 

"D 
C/> 



ISR BIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 

1=no interrupt pending. 
ISR BIT 1-2: 

Logical combination of these bits, provides the high- 
est priority interrupt pending. 

ISR BIT 3-7: 

These bits are not used and are set to "0". 



LINE CONTROL REGISTER (LCR) 



LCR BIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 

LCR BIT-4: 

If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 

0=ODD parity is generated by forcing an odd number 
of 1 's in the transmitted data, receiver also checks for 
same format. 

1 = EVEN parity bit is generated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 



The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCR BIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 



BIT-1 


BIT-0 


Word length 








5 





1 


6 


1 





7 


1 


1 


8 



LCR BIT-2: 

The number of stop bits can be specified by this bit. 



BIT-2 


Word length 


Stop bit(s) 





5,6,7,8 


1 


1 


5 


1-1/2 


1 


6,7,8 


2 



LCR BIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
"1" in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 

LCR BIT-6: 

Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
0=normal operating condition. 
1 =forces the transmitter output (TX) to go low to alert 
the communication terminal. 

LCR BIT-7: 

The internal baud rate counter latch enable (DLEN). 
0=normal operation. 
1=select divisor latch register. 

MODEM CONTROL REGISTER (MCR) 

This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCR BIT-0: 

0=force DTR* output to high. 
1=force DTR* output to low. 
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MCR BIT-1: 

0=force RTS* output to high. 
1 =force RTS* output to low. 

MCRBIT-2: 

This bit is used for internal loop-back mode, and is not 
used for regular operation. 

MCR BIT-3: 

0= sets the INT output pin to three state mode. 
1= enables the INT output pin. 

MCR BIT-4: 

0=normal operating mode. 
1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) , CTS*, DSR*, CD*, and Rl* are 
disabled. Internally the transmitter output is con- 
nected to the receiver input and DTR*. RTS*, MCR 
bit-2,3are connected to modem control inputs. 
In this mode , the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
now the lower four bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER . 



LSR BIT-2: 

0=no parity error (normal). 

1=parity error, received data does not have correct 
parity information. 

LSR BIT-3: 

0=no framing error (normal). 

1 =framing error received, received data did not have 

a valid stop bit. In 

LSR BIT-4: 

0=no break condition (normal). 

1=receiver received a break signal (RX was low for 

one character time frame). 

LSR BIT-5: 

0=transmit holding register is full. ST16C452 will not 
accept any data for transmission. 
1=transmit holding register is empty. CPU can load 
the next character. 

LSR BIT-6: 

0=transmitter holding and shift registers are full. 
1 transmitter holding and shift registers are empty. 

LSR BIT-7: 

Not used. Set to "0". 



MCR BIT 5-7: 

Not used. Are set to zero permanently. 



LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 

LSR BIT-0: 

0=no data in receive holding register 

1=data has been received and saved in the receive 

holding register. 

LSR BIT-1: 

0=no overrun error (normal). 

1 =overrun error, next characterarrived before receive 

holding register was emptied. 



MODEM STATUS REGISTER (MSR) 

This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "V whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 

MSR BIT-0: 

Indicates that the CTS* input to the ST16C452 has 
changed state since the last time it was read. 

MSR BIT-1: 

Indicates that the DSR* input to the ST16C452 has 
changed state since the last time it was read. 
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MSR BIT-2: 

Indicates that the Rl* input to the ST16C452 has 
changed from a low to a high state. 

MSR BIT-3: 

Indicates that the CD* input to the ST16C452 has 
changed state since the last time it was read. 

MSRBIT-4: 

This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 

MSR BIT-5: 

This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 

MSR BIT-6: 

This bit is equivalent to MCR bit-2 during local loop- 
back mode. It is the compliment of the Rl* input. 

MSR BIT-7: 

This bit is equivalent to MCR bit-3 during local loop- 
back mode. It is the compliment to the CD* input. 

Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 



SCRATCHPAD REGISTER (SR) 

ST1 6C452 provides a temporary data register to store 
8 bits of information for variable use. 



SIGNAL 


RESET STATE 


TXA/B 
RTS* A/B 
DTR* A/B 
INT A/B.P 


High 
High 
High 

Three state mode 



BAUD RATE GENERATOR PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 



BAUD RATE 


16 x CLOCK 
DIVISOR 


% ERROR 


50 


2304 




75 


1536 




110 


1047 


0.026 


134.5 


857 


0.058 


150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




3600 


32 




4800 


24 




7200 


16 




9600 


12 




19.2K 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 





ST16C452 EXTERNAL RESET CONDITION 



REGISTERS 


RESET STATE 


IER 


BITS 0-7=0 


ISR 


BIT-0=1, ISR BITS 1-7=0 


LCR 


BITS 0-7=0 


MCR 


BITS 0-7=0 


LSR 


BITS 0-4=0, 


LSR 


BITS 5-6=1 LSR, BIT 7=0 


MSR 


BITS 0-3=0, 


MSR 


BITS 4-7=input signals 
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A1 


AO 


IOW* 


IOR* 








PORT REGISTER 


PORT REGISTER 





1 


I/O SELECT REGISTER 


STATUS REGISTER * 


1 





CONTROL REGISTER 


COMMAND REGISTER 



* Reading the status register will reset the INTP output. 



PARALLEL PORT DIRECTION SELECT REGISTER (WRITE ONLY) 



ST16C452XX 


CONTROL REGISTER (D5) 


BIDEN 


I/O SELECT REGISTER 


PORT DIRECTION 


ST16C452AT 


X 





X 


Output mode 


ST16C452PS 


X 





AA Hex 


Input mode 


ST16C452PS 


X 





55 Hex 


Output mode 


ST16C452AT 


X 


1 


X 


Input mode 


ST16C452PS 





1 


X 


Output mode 


ST16C452PS 


1 


1 


X 


Input mode 
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PRINTER PORTREGISTER DESCRIPTIONS 
PORT REGISTER 

Bi-directional printer port. 

Writing to this register during output mode will transfer 
the contents of the data bus to the PD7-PD0 ports. 
Reading this register during input mode will transfer 
the states of the PD7-PD0 to the data bus. This 
register will be set to the output mode after reset. 

PR BIT 7-0: 

PD7-PD0 bi-directional I/O ports. 
STATUS REGISTER 

This register provides the state of the printer outputs 
and the interrupt condition. 



SR BIT 1-0: 

Not used. Are set to "1" 



permanently. 



SR BIT-2: 

Interrupt condition. 

0= an interrupt is pending 

This bit will be set to "0" at the falling edge of the ACK* 
input. 

1= no interrupt is pending 

Reading the STATUS REGISTER will set this bit to 
"1". 

SR BIT-3: 

ERROR* input state. 

0= ERROR* input is in low state 

1= ERROR* input is in high state 

SR BIT-4: 

SLOT input state. 

0= SLOT input is in low state 

1= SLCT input is in high state 

SR BIT-5: 

PE input state. 

0= PE input is in low state 

1= PE input is in high state 

SR BIT-6: 

ACK* input state. 

0= ACK* input is in low state 

1= ACK* input is in high state 



SR BIT-7: 

BUSY input state. 

0= BUSY input is in high state 

1= BUSY input is in low state 



COMMAND REGISTER 



The state of the STROBE*, AUTOFDXT*, INIT, 
SLCTIN* pins, and interrupt enable bit can be read by 
this register regardless of the I/O direction. 

COM BIT-0: 

STROBE* input pin. 

0= STROBE* pin is in high state 

1 = STROBE* pin is in low state 

COM BIT-1: 

AUTOFDXT* input pin. 

0= AUTOFDXT* pin is in high state 

1= AUTOFDXT* pin is in low state 

COM BIT-2: 

INIT input pin. 

0= INIT pin is in low state 

1= INIT pin is in high state 

COM BIT-3: 

SLCTIN* input pin. 

0= SLCTIN* pin is in high state 

1= SLCTIN* pin is in low state 

COM BIT-4: 

Interrupt mask. 

0= Interrupt (INTP output) is disabled 
1= Interrupt (INTP output) is enabled 

COM BIT 7-5: 

Not used. Are set to "1" permanently. 
CONTROL REGISTER. 

Writing to this register will set the state of the 
STROBE*, AUTOFDXT*, INIT, SLCTIN pins, and 
interrupt mask register. 
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CON BIT-0: 

STROBE* output control bit. 

0= STROBE* output is set to high state 

1= STROBE* output is set to low state 

CON BIT-1: 

AUTOFDXT* output control bit. 

0= AUTOFDXT* output is set to high state 

1 = AUTOFDXT* output is set to low state 

CON BIT-2: 

INIT output control bit. 

0= INIT output is set to low state 

1= INIT output is set to high state 

CON BIT-3: 

SLCTIN* output control bit. 

0= SLCTIN* output is set to high state 

1= SLCTIN* output is set to low state 

CON BIT-4: 

Interrupt output control bit. 
0= INTP output is disabled 
1= INTP output is enabled 



ST16C452 EXTERNAL RESET CONDITION 



SIGNALS 


RESET STATE 


PD0-PD7 
STROBE* 
AUTOFDXT* 
INIT 

SLCTIN* 


low, output mode 
High, output mode 
High, output mode 
Low, output mode 
High, output mode 



CON BIT-5: 

I/O select. Direction of the PD7-PD0 can be selected 

by setting or clearing this bit. 

0= PD7-PD0 are set for output mode 

1= PD7-PD0 are set for input mode 



CON BIT 7-6: 
Not used. 



I/O SELECT REGISTER 

Software controlled I/O select. 
Bi-directional mode can be selected by keeping the 
BIDEN input in high state and setting CON BIT-5 to 
"zero or one" 

Hardware/software I/O select. 
Bi-directional mode can be selected by keeping the 
BIDEN input in low state and setting I/O SELECT 
register to "AA" Hex for input or "55" Hex for output. I/ 
O select register and control register bit-5 are only 
available for ST16C452PS parts. 
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ST16C452 PRINTER PORT REGISTER CONFIGURATIONS 2 



PORT REGISTER (READ/WRITE) 



D7 




D5 


D4 


D3 


D2 


D1 


DO 


PD7 


PD6 


PD5 


PD4 


PD3 


PD2 


PD1 


PDO 


STATUS REGISTER 


(READ ONLY) 










D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


BUSY* 


ACK 


PE 


SLCT 


ERROR 


IRQ 
STATE 


1 


1 












1= No interrupt 

0= Interrupt (PS only) 




COMMAND REGISTER 


(READ ONLY) 










ill!!!!!!!! 


06 


D5 


D4 


ISIS 


D2 


D1 


DO 


1 


1 


1 


IRQ 

ENABLE 


SLCTIN* 


INIT 


AUTO- 
FDXT* 


STROBE* 




0= IRQ 
disabled 
1= IRQ 
enabled 





CONTROL REGISTER (WRITE ONLY) 



D7 


illlllllllll 


illlllliillli 


D4 


D3 


D2 


D1 


DO 


X 


X 


I/O 

SELECT 


IRQ 
MASK 


SLCTIN* 


INIT 


AUTO- 
FDXT* 


STROBE* 




0=Output (PS only) 

1=lnput (PS only) 
X= AT only 


0=INTP output 
disabled 
1=INTP output 
enabled 
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E AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 









1 imitc 
LI ml lb 




1 Initc 

uniis 


uonaiiions 






ivlin 


Typ 


IVI a X 














1 1 


OlUOK lliyil pulbc UUlallOll 


on 






ns 




1 2 


vsiuisiv IUW puioC UUIallUil 


on 






ns 




T3 


Clock rise/fall timp 






10 


nc 




Ts 


Chin *>p|ppt cpfim timp 








ns 






Chin splprt hold timp 

OVslVsV^l IIVSIVJ III 1 IV? 


n 






nc 
1 10 




Tn 


IOR* to DDIS* delav 






tC*J 


nc 


I UU pr lUdU 


T12 


Data set up time 


15 






ns 




Tl3 


IOW* delav from chio select 


10 






ns 




Tu 


IOW* delav frnm nhin splprt 

Ivll Vl^slCtJF 1 1 V/ 1 1 1 V/IIIL/ OCIUvl 








nc 




Tl5 


IOW* strobe width 


50 






nc 
1 10 




Tl6 


Chin selent hold timp from IOW* 

V^III|>S wulvv/l 1 IVSIVJ III 1 1 w IIV/III 1 WV 









nc 




T17 


Write cycle delay 


55 






ns 




Tw 


Write cycle=Tis+Ti7 


105 






ns 




T19 


Data hold time 


15 






ns 




T21 


IOR* delay from chip select 


10 






ns 




T23 


IOR* strobe width 


65 






ns 




T24 


Chip select hold time from IOR* 









ns 




T25 


Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 




T26 


Delay from IOR* to data 






35 


ns 


100 pF load 


T28 


Delay from IOW* to output 






50 


ns 


100 pF load 


T29 


Delay to set interrupt from MODEM 
input 






70 


ns 


100 pF load 


T30 


Delay to reset interrupt from IOR* 






70 


ns 


100 pF load 


T31 


Delay from stop to set interrupt 






1dK 


ns 


100 pF load 


T32 


Delay from IOR* to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 
start 


8 




24 


* 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 
















T34 


Delay from stop to interrupt 






100 


ns 




T35 


Delay from IOW* to reset interrupt 






175 


ns 




T39 


ACK* pulse width 


75 






ns 




T40 


PD7-PD0 setup time 


10 






ns 




T41 


PD7-PD0 hold time 


25 






ns 




T42 


Delay from ACK* low to interrupt low 


5 






ns 




T43 


Delay from IOR* to reset interrupt 


5 






ns 




N 


Baud rate devisor 


1 




216-1 







Note 1 * = Baudout* cycle 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 

T=0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Units 


Conditions 


V 




V 




V 




V 




V 


Iol= 6.0 mA D7-D0 




Iol= 20.0 mA PD7- 




PD0 




Iol= 10 mA 




SLCTIN*, 




INIT*,STROBE*. 




AUTOFDXT* 




Iol= 6.0 mA on all 




other outputs 


V 


Ioh= -6.0 mA D7- 




D0 




Ioh= -12.0 mA 




PD7-PD0 




Ioh= -0.2 mA 




SLCTIN*, 




INIT*,STROBE*, 




AUTOFDXT* 




Ioh= -6.0 mA on all 




the outputs 


mA 




j^A 




\ik 




kQ 


* Marked pins 



Symbol 



VlLCK 
VlHCK 
VlL 
VlH 

Vol 



Voh 



Ice 

IlL 

Id 
RiN 



Parameter 



Clock input low level 
Clock input high level 
Input low level 
Input high level 
Output low level 



Output high level 



Avg. power supply current 
Input leakage 
Clock leakage 
Internal pull-up resistance 



Limits 
Min Typ Max 



-0.5 
3.0 
-0.5 
2.2 



2.4 



12 



0.6 
VCC 

0.8 
VCC 

0.4 



±10 
±10 
15 



This product can operate in 3.0 Volts environment. Please consult with factory for additional information. 
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£1 CLOCK TIMING 



EXTERNAL 
CLOCK 




CLOCK PERIOD CLOCK PERIOD 161450-CK-1 



MODEM TIMING 
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RECEIVE TIMING 



RX 



INTx 



IOR* 



START BIT 
H 



DATA BITS (5-8) 



STOP BIT 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



D7 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 



PARITY BIT 



NEXT 
DATA 
START BIT 



-W K- T31 




16 BAUD RATE CLOCK 



162450-RX-1 
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TRANSMIT TIMING 



TX 



INTx 



IO\AT 



START BIT 
H 



DATA BITS (5-8) 



STOP BIT 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



07 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 



->| ^- T33 



PARITY BIT 



NEXT 
DATA 
START BIT 



-W K- T34 



I/ 



I I 

T35 -W W- 



16 BAUD RATE CLOCK 



— W 

162450-TX-1 
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PARALLEL PORT GENERAL WRITE TIMING 



A0-A2 



CSP* 



IOW* 



I T8 . 

n — M 



T14 k-X T15 
H 



T9 



1T16 T17 



D0-D7 



T12 W T13 



PDO-PD7 
STROBE* 
INIT 

AUTOFDX* 
SLCTIN* 



16452-PWM 
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GENERAL READ TIMING 



ACK* 



INT* 



IOR* 



INTSEL 



PD0-PD7 



i T39 : 
w u 



T40 



T40 



r — 

NORMAL MODE 



|«- T42 



T43 



INTERRUPT LATCHED MODE SELECT 



T41 



VALID DATA 



16452-PR-1 
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STARTECH 

An X* EXflRCompany 



ST16C552 



Printed August 7, 1995 



UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFO 
AND PARALLEL PRINTER PORT 



DESCRIPTION 



The ST16C552 is a dual universal asynchronous 
receiver and transmitter with 16 byte transmit and 
receive FIFO and a bi-directional CENTRONICS type 
parallel printer port. A programmable baud rate gen- 
erator is provided to select transmit and receive clock 
rates from 50Hz to 1 .5 MHz. 
TheST16C552on board status registers provides the 
error conditions, type and status of the transfer 
operation being performed. Included is complete 
MODEM control capability, and a processor interrupt 
system that may be software tailored to the user's 
requirements. The ST16C552 provides internal loop- 
back capability for on board diagnostic testing. 
The ST16C552 is fabricated in an advanced 1.2|i 
CMOS process to achieve low drain power and high 
speed requirements. 



FEATURES 



• Pin to pin and functional compatible to VL1 6C552, 
WD16C552 

• 16 byte transmit FIFO 

• 16 byte receive FIFO with error flags 

• Modem control signals (CTS*, RTS*, DSR*, DTR*, 
Rl*. CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

• Status report register 

• Independent transmit and receive control 

• TTL compatible inputs, outputs 

• Software compatible with INS8250, NS16C550 

• 460.8 kHz transmit/receive operation with 7.372 
MHz crystal or external clock source. 

• Bi-directional hardware/software parallel port 

• Bi-directional I/O ports 



TX8 QcT 




DTRB' (TT 




RTSB* [TT 




CTSB* QT 




do Q7 




D1 [iF 




D2 fTF 




D3 [TT 




D4 \W 




D5 rjr 




D6 [W 




D7 QFT 




JRDYA" \j2_ 




VCC fS" 




RTSA- [* 




DTRA' [W 




TXA [Iff 





PLCC Package 



o 



ST16C552CJ68 



59 | INTP 

"581 SLCTIN- 

"57] INfT 

"56] AUTOFDXT" 

"55~| STROBE" 

54] GND 

53~| PDO 

~52~j PD1 

~51~[ PD2 

50~| PD3 

49~| PD4 

48~j PD5 

"47] PD6 

"461 PD7 

45 | INTA 

44~| RDOUT 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST16C552CJ68 PLCC 0° C to + 70° C 

ST16C552IJ68 PLCC -40° C to + 85° C 



Rev. 1.0 
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BLOCK DIAGRAM 



D0-D7 
I OR* 
IOW* 
RESET* 
BIDEN 



A0-A2 
CSA* 
CSB* 
CSP* 



INT A/B 
INTP 
RXRDY* 
TXRDY* 



Transmit 

FIFO 
Registers 



I * 4 



fit 



Receive 
FIFO 
Registers 



3 



•S 

1 



Clock 
& 

Baud Rate 
Generator 



Si 



Transmit 

Shift 
Register 



Receive 

Shift 
Register 



Printer 
Data 
Ports 



Printer 
Control 
Logic 



Modem 
Control 
Logic 



TXA/B 



RXA/B 



PD0-PD7 

STROBE* 
INIT 

AUTOFDX* 
SELCTIN* 

PE, SELECT 

BUSY*,ACK* 

ERROR 

DTRA/B* 
RTSA/B* 

CTSA/B* 
RIAM* 
CD A/B* 
DSRA/B* 
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Symbol 


Pin 


Signal Type 


Pin Description 


D0-D7 


14-21 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


A0-A2 


35-33 


I 


Address select lines. To select internal registers. 


CLK 


4 


I 


Clock input. An external clock can be used to clock internal 
circuit and baud rate generator for custom transmission 
rates. 


BIDEN 


1 


I 


Printer direction select. A high puts the parallel port in the 
input / output mode and low sets the ST16C552 to output 
mode. 


IOW* 


36 


I 


Write strobe (active low). A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


IOR* 


37 


I 


Read strobe (active low), A low level on this pin transfers 
the contents of the ST16C552 data bus to the CPU. 


RDOUT 


44 


o 


Read select out (active high). This pin goes high when the 
CPU is reading data from the ST16C552 to en/disable the 
external transceiver or logic's. 


RESET* 


39 


I 


Master reset, (active low) A low on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CS* A/B 


32,3 


I 


Chip select A/B (active low). A low at this pin enables the 
serial port- A/B / CPU data transfer operation. 


DSR* A/B 


31,5 


I 


Data set ready A/B (active low). A low on this pin indicates 
the MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


RI*A/B 


30,6 


I 


Ring detect indicator A/B (active low). A low on this pin 
indicates the modem has received a ringing signal from 
telephone line. 
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Symbol 


Pin 


Signal Type 


Pin Description 


CD* A/B 


29,8 


I 


Carrier detect A/B (active low). A low on this pin indicates 
the carrier has been detected by the modem. 


TXA/B 


26,10 


O 


Serial data output A/B. The serial data is transmitted via 
this pin with additional start , stop and parity bits. The TX will 
be held in mark (high) state during reset, local loopback 
mode or when the transmitter is disabled. 


DTR* A/B 


25,11 


O 


Data terminal ready A/B (active low). To indicate that 
ST16C552 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1 " at the MCR bit-0 will set the DTR*outputto low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset . Note that this pin does not have 
any effect on the transmit or receive operation. 


RTS* A/B 


24,12 


o 


Request to send A/B (active low). To indicate that the 
transmitter has data ready to send. Writing a "1" in the 
modem control register (MCR bit-1 ) will set this pin to a low 
state. After the reset this pin will be set to high. Note that 
this pin does not have any effect on the transmit or receive 
operation. 


RX A/B 


41,62 


I 


Serial data input A/B. The serial information (data) received 
from serial port to ST16C552 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
local loopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


CTS* A/B 


28,13 


I 


Clear to send A/B (active low). The CTS* signal is a 
MODEM control function input whose conditions can be 
tested by reading the MSR BIT-4. CTS* has no effect on the 
transmit or receive operation. 


INT A/B 


45,60 


o 


Interrupt output A/B (three state active high) This pin goes 
high (when enabled by the interrupt enable register) when- 
ever a receiver error, receiver data available, transmitter 
empty, or modem status condition flag is detected. 


TXRDY* A/B 


22,42 


o 


Transmit ready A/B (active low). This pin goes high when 
the transmit FIFO of the ST16C552 is full. It can be used as 
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Symbol 


11111 lll^lllllilil 


Signal Type 


Pin Description 








a single or multi-transfer. 


RXRDY* A/B 


9,61 


o 


Receive ready A/B (active low). This pin goes low when the 
receive FIFO is full. It can be used as a single or multi- 
transfer. 


CSP* 


38 


I 


Parallel printer port chip select (active low). A low at this pin 
enables the parallel port / CPU data transfer operation. 


PD7-PD0 


46-53 


I/O 


Bi-directional parallel ports (three state). To transfer data in 
or out of the ST1 6C552 parallel port. PD7-PD0 are latched 
during output mode. 


STROBE* 


55* 


I/O 


General purpose I/O or data strobe output (open drain 
active low). This output indicates to the printer that valid 
data is available at the printer port (PD0-PD7). 


AUTOFDXT* 


56* 


I/O 


General purpose I/O or automatic line feed (open drain 
active low). When this signal is low the printer should 
automatically line feed after each line is printed. 


INIT 


57* 


I/O 


General purpose I/O or initialize line printer (open drain 
active low). When this signal is low, it causes the printer to 
be initialized. 


SLCTIN* 


58* 


I/O 


General purpose I/O or line printer select (open drain active 
low). When this signal is low, it selects the printer. 


ERROR* 


63* 


I 


General purpose input or line printer error (active low). This 
is an output from the printer to indicate an error by holding 
it low during error condition. 


SLCT 


65* 


I 


General purpose input or line printer selected (active high). 
This is an output from the printer to indicate that the line 
printer has been selected. 


BUSY 


66* 


I 


General purpose input or line printer busy (active high). An 
output from the printer to indicate printer is not ready to 
accept data. 
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Symbol 




Signal Type 


Pin Description 


PE 


67* 


I 


General purpose input or line printer paper empty (active 
high). An output from the printer to indicate out of paper. 


ACK* 


68* 


I 


General purpose input or line printer acknowledge (active 
low). This input is pulsed low by the printer to indicate that 
data has been accepted successfully. 


SNTP* 


59 


O 


Printer interrupt output (active low). To signal the state of 
the printer port. This pin tracks the ACK* input pin, When 
ACK* is low INTP is low and when ACK* is high INTP is high 


INTSEL* 


43 


I 


Interrupt select mode. The external ACK* can be selected 
as an interrupt source by connecting this pin to the GND. 
Connecting this pin to VCC will set the interrupt to latched 
mode, reading the status register of the printer section 
resets the INTP output. 


GND: 


2,7,54 
27 


O 


Signal and power ground. 


vcc 


23,40,64 


I 


Power supply input. 



* Have internal pull-up resistor on inputs 



PROGRAMMING TABLE FOR SERIAL PORTS 



A2 


A1 


AO 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Interrupt Enable Register 





1 





Interrupt Status Register 


FIFO Control Register 





1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 
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ST16C552 ACCESSIBLE REGISTERS 



A2A1 AO 


Register 


BIT-7 


BIT-6 


BIT-6 


BIT-4 


BIT-3 


BIT-2 


BIT-1 


BIT-0 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


IER 














modem 
status 
interrupt 


receive 
line 
status 
interrupt 


transmit 
holding 
register 


receive 
holding 
register 


1 


FCR 


RCVR 
trigger 
(MSB) 


RCVR 
trigger 
(LSB) 








DMA 
mode 
select 


XMIT 
FIFO 
reset 


RCVR 
FIFO 
reset 


FIFO 
enable 


1 


ISR 


0/ 
FIFOs 
enabled 


0/ 
FIFOs 
enabled 








int 
priority 
bit-2 


int 
priority 
bit-1 


int 
priority 
bit-0 


int 
status 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 


1 


MCR 











loop 
back 


INT 
enable 


Not 
used 


RTS* 


DTR* 


1 1 


LSR 


0/ 
FIFO 
error 


trans, 
empty 


trans, 
holding 
empty 


break 
interrupt 


framing 
error 


parity 
error 


overrun 
error 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


DLM 


bit-15 


bit-14 


bit-13 


bit-12 


bit-1 1 


bit-10 


bit-9 


bit-B 



DLL and DLM are accessible only when LCR bit-7 is set to "1". 
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REGISTER FUNCTIONAL DESCRIPTIONS 
TRANSMIT AND RECEIVE HOLDING REGISTER 

The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 

On the falling edge ofthe start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiver status codes will 
be posted in the Line Status Register. 



FIFO INTERRUPT MODE OPERATION 

When the receive FIFO (FCR BIT-0=1) and receive 
interrupts (IER BIT-0=1) are enabled, receiver inter- 
rupt will occur as follows: 

A) The receive data available interrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will be cleared as soon as the 
FIFO drops below its programmed trigger level. 

B) The ISR receive data available indication also 
occurs when the FIFO trigger level is reached, and like 
the interrupt it is cleared when the FIFO drops below 
the trigger level. 

C) The data ready bit (LSR BIT-0) is set as soon as a 
character is transferred from the shift register to the 
receiver FIFO. It is reset when the FIFO is empty. 



FIFO POLLED MODE OPERATION 

When FCR BIT-0=1 ; resetting IER BIT 3-0 to zero puts 
the ST16C552 in the FIFO polled mode of operation. 
Since the receiver and transmitter are controlled 
separately eitherone or both can be in the polled mode 
operation by utilizing the Line Status Register. 

A) LSR BIT-0 wil! be set as long as there is one byte 
in the receive FIFO. 

B) LSR BIT4-1 will specify which error(s) has oc- 
curred. 

C) LSR BIT- 5 will indicate when the transmit FIFO is 

empty. 

D) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 

E) LSR BIT-7 will indicate when there are any errors 
in the receive FIFO. 

The ST1 6C552 requires to have two step FIFO enable 
operation in order to enable receive trigger levels. 



PROGRAMMABLE BAUD RATE GENERATOR 

The ST16C552 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-24 MHz and dividing it by any divisor from 1 
to 2ie -1. The output frequency of the Baudout* is 
equal to 16X of transmission baud rate (Baudout*=16 
x Baud Rate). Customize Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 



INTERRUPT ENABLE REGISTER (IER) 

The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 
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IER BIT-O: 

0=disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 

IERBIT-1: 

0=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 

IER BIT-2: 

0=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 

IER BIT-3: 

0=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 

IER BIT 7-4: 

All these bits are set to logic zero. 

INTERRUPT STATUS REGISTER (ISR) 

The ST16C552 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Interrupt Status Regis- 
ter (ISR) provides the source of the interrupt in priori- 
tized matter. During the read cycle the ST16C552 
provides the highest interrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized interrupt levels: 



Priority level 



p 


D3 


D2 


D1 


DO 


Source of the interrupt 


1 





1 


1 





LSR (Receiver Line Sta- 
tus Register) 


2 





1 








RXRDY (Received Data 
Ready) 


2* 


1 


1 








RXRDY (Receive Data 
time out) 


3 








1 





TXRDY ( Transmitter 
Holding Register Empty) 


4 














MSR (Modem Status 
Register) 



'RECEIVE TIME-OUT: 

This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 

Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40 / 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 

Example -B: If user programs the word length = 7, with 

parity and one stop bit, the time out will be: 

T = 4 X 7(programmed word length) + 12 = 40 bits 

Character time = 40 / 10 [ (programmed word length 

= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 

characters. 

ISR BIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 

1=no interrupt pending. 
ISR BIT 1-3: 

Logical combination of these bits, provides the high- 
est priority interrupt pending. 

ISR BIT 4-7: 

These bits are not used and are set to zero in 
ST16C450 mode. BIT 6-7: are set to "1" in ST16C552 
mode. 

FIFO CONTROL REGISTER (FCR) 

This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 

FCR BIT-0: 

0=Disable the transmit and receive FIFO. 
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1 =Enable the transmit and receive FIFO. 

This bit should be enabled before setting the FIFO 

trigger levels. 

FCR BIT-1: 

0=No change. 

1=Clearsthe contents of the receive FIFO and resets 
its counter logic to (the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCR BIT-2: 

0=No change. 

1 =Clears the contents ofthe transmit FIFO and resets 
its counter logic to (the transmit shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCR BIT-3: 

0=No change. 

1=Changes RXRDY and TXRDY pins from mode "0" 

to mode "1". 

Transmit operation in mode "0": 
When ST1 6C552 is in ST1 6C450 mode ( FCR bit-0=0 
) or in the FIFO mode ( FCR bit-0=1 , FCR bit-3=0 ) 
when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 

Receive operation in mode "0": 
When ST1 6C552 is in ST1 6C450 mode ( FCR bit-0=0 
) orin the FIFO mode ( FCR bit-0=1 , FCR bit-3=0 ) and 
there is at least 1 character in the receive FIFO, the 
RXRDY* pin will go low. Once active the RXRDY* pin 
will go high (inactive) when there are no more charac- 
ters in the receiver. 

Transmit operation in mode "1": 
When ST16C552 is in ST16C550 mode ( FCR bit- 
0=1, FCR bit-3=1 ) the TXRDY* pin will become high 
(inactive) when the transmit FIFO is completely full. It 
will be low if one or more FIFO locations are empty. 



Receive operation in mode "1": 
When ST16C552 is in ST16C550 mode ( FCR bit- 
0=1, FCR bit-3=1 ) and the trigger level or the timeout 
has been reached, the RXRDY* pin will go low. Once 
it is activated it will go high (inactive) when there are 
no more characters in the FIFO. 

FCR BIT 4-5: 

Not used. 

FCR BIT 6-7: 

These bits are used to set the trigger level for the 
receiver FIFO interrupt. 



lllllllll 


BIT-6 


FIFO trigger level 








01 





1 


04 


1 





08 


1 


1 


14 



LINE CONTROL REGISTER (LCR) 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCR BIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 



BIT-1 


BIT-0 


Word length 








5 





1 


6 


1 





7 


1 


1 


8 



LCR BIT-2: 

The number of stop bits can be specified by this bit. 
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BIT-2 


Word length 


Stop bit(s) 





5,6,7,8 


1 


1 


5 


1-1/2 


1 


6,7,8 


2 



LCR BIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 

LCR BIT-4: 

If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 

0=ODD parity is generated by forcing an odd number 
of 1 's in the transmitted data, receiver also checks for 
same format. 

1 = EVEN parity bit is generated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 

LCR BIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
K 1 W in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
"0" in the transmitted and received data. 

LCR BIT-6: 

Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
0=normal operating condition. 
1 =forces the transmitter output (TX) to go low to alert 
the communication terminal. 

LCRBIT-7: 

The internal baud rate counter latch enable (DLEN). 
0=normal operation. 
1=select divisor latch register. 



MODEM CONTROL REGISTER (MCR) 

This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCR BIT-0: 

0=force DTR* output to high. 
1=force DTR* output to low. 

MCRBIT-1: 

0=force RTS* output to high. 
1=force RTS* output to low. 

MCR BIT-2: 

Not used. 

MCR BIT-3: 

0=set INT output pin to three state mode. 

1=set INT output pin to normal / active operating 

mode. 

MCR BIT-4: 

0=normal operating mode. 

1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) , CTS*, DSR*, CD*, and Rl* are 
disabled. Internally the transmitter output is con- 
nected to the receiver input and DTR*, RTS*, MCR 
bit-2 and INT enable are connected to modem control 
inputs. 

In this mode , the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
now the lowerfour bits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER . 



MCR BIT 5-7: 

Not used. Are set to zero permanently. 

LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 
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LSR BIT-0: 

0=no data in receive holding register or FIFO. 
1=data has been received and saved in the receive 
holding register or FIFO. 

LSRBIT-1: 

0=no overrun error (normal). 
1 =overrun error, next character arrived before receive 
holding register was emptied or if FIFOs are enabled, 
an overrun error will occur only after the FIFO is full 
and the next character has been completely received 
in the shift register. Note that character in the shift 
register is overwritten, but it is not transferred to the 
FIFO. 

LSR BIT-2: 

0=no parity error (normal). 

1=parity error, received data does not have correct 
parity information. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 

LSRBIT-3: 

0=no framing error (normal). 
1=framing error received, received data did not have 
a valid stop bit. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 

LSRBIT-4: 

0=no break condition (normal). 
1= receiver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character is loaded into the FIFO. 

LSR BIT-5: 

0=transmit holding register is full. ST16C552 will not 
accept any data for transmission. 
1=transmit holding register (or FIFO ) is empty. CPU 
can load the next character. 

LSR BIT-6: 

0=transmitter holding and shift registers are full. 
1 transmitter holding and shift registers are empty. In 
FIFO mode this bit is set to one wheneverthe transmit- 
ter FIFO and transmit shift register are empty. 



LSR BIT-7: 

0=Normal. 

1=At least one parity error, framing error or break 
indication in the FIFO. This bit is cleared when LSR is 
read. 



MODEM STATUS REGISTER (MSR) 

This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 

MSR BIT-0: 

Indicates that the CTS* input to the ST16C552 has 
changed state since the last time it was read. 

MSRBIT-1: 

Indicates that the DSR* input to the ST16C552 has 
changed state since the last time it was read. 

MSR BIT-2: 

Indicates that the Rl* input to the ST16C552 has 
changed from a low to a high state. 

MSR BIT-3: 

Indicates that the CD* input to the ST16C552 has 
changed state since the last time it was read. 

MSR BIT-4: 

This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 

MSR BIT-5: 

This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 

MSR BIT-6: 

This bit is equivalent to MCR bit-2 during local loop- 
back mode. It is the compliment of the Rl* input. 
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MSR BIT-7: 

This bit is equivalent to INT enable in the MCR during 
local loop-back mode. It is the compliment to the CD* 
input. 

Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 

SCRATCHPAD REGISTER (SR) 

ST16C552 provides a temporary data reg ister to store 
8 bits of information for variable use. 



ST16C552 EXTERNAL RESET CONDITION 



REGISTERS 


RESET STATE 


IER 


BITS 0-7=0 


ISR 


ISR BIT-0=1, ISR BITS 1-7=0 


LCR 


LCR BITS 0-7=0 


MCR 


MCR BITS 0-7=0 


LSR 


LSR BITS 0-4=0, 




LSR BITS 5-6=1 LSR, BIT 7=0 


MSR 


MSR BITS 0-3=0, 




MSR BITS 4-7=input signals 


FCR 


FCR BITS 0-7=0 



BAUD RATE GENERATOR PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 



DAI in DATE 

dAUU KA 1 1 


a c v r*i c\f*vc 

IDA ULvJUI\ 

UlvloUrv 


o/ coanD 
/o tKKUK 


50 


2304 




110 


1047 


0.026 


150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




4800 


24 




7200 


16 




9600 


12 




19.2K 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 





SIGNALS 



RESET STATE 



TXA/B 
RTS* A/B 
DTR* A/B 
INT A/B, P 
RXRDY* A/B 
TXRDY* A/B 



High 
High 
High 

Three state mode 
High 
Low 



PRINTER PORT PROGRAMMING TABLE: 



A1 


AO 


IOW* 


IOR* 








PORT REGISTER 


PORT REGISTER 





1 


I/O SELECT REGISTER 


STATUS REGISTER * 


1 





CONTROL REGISTER 


COMMAND REGISTER 



* Reading the status register will reset the INTP output. 
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PRINTER PORT REGISTER DESCRIPTIONS 
PR BIT 7-0: 

PD7-PD0 bi-directional I/O ports. 
STATUS REGISTER 

This register provides the state of the printer outputs 
and the interrupt condition. 

SR BIT 1-0: 

Not used. Are set to "1" permanently. 

SRBIT-2: 

Interrupt condition. 

0= an interrupt is pending 

This bit will be set to "0" at the falling edge of the ACK* 
input. 

1= no interrupt is pending 

Reading the STATUS REGISTER will set this bit to 
"1". 

SRBIT-3: 

ERROR* input state. 

0= ERROR* input is in low state 

1= ERROR* input is in high state 

SRBIT-4: 

SLCT input state. 

0= SLCT input is in low state 

1= SLCT input is in high state 

SR BIT-5: 

PE input state. 

0= PE input is in low state 

1= PE input is in high state 

SR BIT-6: 

ACK* input state. 

0= ACK* input is in low state 

1= ACK* input is in high state 

SRBIT-7: 

BUSY input state. 

0= BUSY input is in high state 

1= BUSY input is in low state 



COMMAND REGISTER 

The state of the STROBE*, AUTOFDXT*, INIT, 
SLCTIN* pins, and interrupt enable bit can be read by 
this register regardless of the I/O direction. 

COM BIT-0: 

STROBE* input pin. 

0= STROBE* pin is in high state 

1= STROBE* pin is in low state 

COM BIT-1: 

AUTOFDXT* input pin. 

0= AUTOFDXT* pin is in high state 

1= AUTOFDXT* pin is in low state 

COM BIT-2: 

INIT input pin. 

0= INIT pin is in low state 

1= INIT pin is in high state 

COM BIT-3: 

SLCTIN* input pin. 

0= SLCTIN* pin is in high state 

1= SLCTIN* pin is in low state 

COMBIT-4: 

Interrupt mask. 

0= Interrupt (INTP output) is disabled 
1= Interrupt (INTP output) is enabled 

COM BIT 7-5: 

Not used. Are set to "1" permanently. 
CONTROL REGISTER. 

Writing to this register will set the state of the 
STROBE*, AUTOFDXT*, INIT, SLCTIN pins, and 
interrupt mask register. 

CON BIT-0: 

STROBE* output control bit. 

0= STROBE* output is set to high state 

1 = STROBE* output is set to low state 
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CON BIT-1: 

AUTOFDXT* output control bit. 

0= AUTOFDXT* output is set to high state 

1= AUTOFDXT* output is set to low state 

CON BIT-2: 

INIT output control bit. 

0= INIT output is set to low state 

1= INIT output is set to high state 

CON BIT-3: 

SLCTIN* output control bit. 

0= SLCTIN* output is set to high state 

1= SLCTIN* output is set to low state 

CON BIT^I: 

Interrupt output control bit, 
0= INTP output is disabled 
1= INTP output is enabled 

CON BIT-5: 

I/O select. Direction of the PD7-PD0 can be selected 

by setting or clearing this bit. 

0= PD7-PD0 are set for output mode 

1= PD7-PD0 are set for input mode 



CON BIT 7-6: 

Not used. 

I/O SELECT REGISTER 

Software controlled I/O select. 
Bi-directional mode can be selected by keeping the 
BIDEN input in high state and setting CON BIT-5 to 
"zero or one" 

Hardware/software I/O select. 
Bi-directional mode can be selected by keeping the 
BIDEN input in low state and setting I/O SELECT 
register to "AA" Hex for input or "55" Hex for output. 



ST16C552 EXTERNAL RESET CONDITION 



SIGNALS 


RESET STATE 


PD0-PD7 
STROBE* 
AUTOFDXT* 
INIT 

SLCTIN* 


Low, output mode 
High, output mode 
High, output mode 
Low, output mode 
High, output mode 



CONTROL REGISTER (D5) 


BIDEN 


I/O SELECT REGISTER 


PORT DIRECTION 


X 





AA Hex 


Input mode 


X 





55 Hex 


Output mode 





1 


X 


Output mode 


1 


1 


X 


Input mode 
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ST16C552 PRINTER PORT REGISTER CONFIGURATIONS 



PORT REGISTER (READ/WRITE) 



07 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


PD7 


PD6 


PD5 


PD4 


PD3 


PD2 


PD1 


PDO 



STATUS REGISTER (READ ONLY) 



D7 


D6 


iiill^iiilill 


D4 


D3 


D2 


D1 


DO 


BUSY* 


ACK 


PE 


SLCT 


ERROR 
STATE 


IRQ 


1 


1 












1= No interrupt 
0= Interrupt 




COMMAND REGISTER 


(READONLY) 










D7 


D6 


D5 


|;|!!!!i§:!! 


llii!!!!!!!;!;; 


D2 


SSBIlllll 


DO 


1 


1 


1 


IRQ 

ENABLE 


SLCTIN* 


INIT 


AUTO- 
FDXT* 


STROBE* 








0= IRQ 
disabled 
1= IRQ 
enabled 










CONTROL REGISTER 


(WRITE ONLY) 












D6 


lliliii::!!;; 


D4 




D2 


D1 


DO 


X 


X 


I/O 

SELECT 


IRQ 
MASK 


SLCTIN* 


INIT 


AUTO- 
FDXT* 


STROBE* 




0=Output 
1=lnput 




0= I NTP output 
disabled 
1=INTP output 
enabled 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 
















Ti 


Clock high pulse duration 


20 






ns 




T 2 


Clock low pulse duration 


20 






ns 




Ta 


Clock rise/fall time 






10 


ns 




T 8 


Chip select setup time 


5 






ns 




T 9 


Chip select hold time 









ns 




T12. 


Data setup time 


15 






ns 




T13 


Data hold time 


15 






ns 




Tl4 


IOW* delay from chip select 


10 






ns 




Tl5 


IOW* strobe width 


50 






ns 




Tie 


Chip select hold time from IOW* 









ns 




T17 


Write cycle delay 


55 






ns 




T19 


Data hold time 


15 






ns 




T21 


IOR* delay from chip select 


10 






ns 




T23 


IOR* strobe width 


65 






ns 




T24 


Chip select hold time from IOR* 









ns 




T25 


Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 




T26 


Delay from IOR* to data 






35 


ns 


100 pF load 


T28 


Delay from IOW* to output 






50 


ns 


100 pF load 


T29 


Delay to set interrupt from MODEM 






70 


ns 


100 pF load 




input 












T30 


Delay to reset interrupt from IOR* 






70 


ns 


100 pF load 


1 31 


r^ol a v frnm ctnn tn cot into mint 
Lstsldy IIUMI olUp IU oCl llllcMIUpi 






1 Rclk 


ns 


1 On nP InoH 

i uu pr ludu 


T32 


Delay from IOR* to reset interrupt 






200 


ns 


100 pF load 


Too 
I 33 


ueiay irom iniuai irvi 1 resei 10 transmit 








OA 


* 






start 












T34 


Delay from stop to interrupt 






100 


ns 




T35 


Delay from IOW* to reset interrupt 






175 


ns 




T39 


ACK* pulse width 


75 






ns 




T40 


PD7 - PDO setup time 


10 






ns 




T41 


PD7 - PDO hold time 


25 






ns 




T42 


Delay from ACK* low to interrupt low 


5 






ns 




T43 


Delay from IOR* to reset interrupt 


5 






ns 




T44 


Delay from stop to set RxRdy 






1 RCLK 






. T45 


Delay from IOR* to reset RxRdy 






1 


MS 




T46 


Delay from IOW* to set TxRdy 






195 


ns 




T47 


Delay from start to reset TxRdy 






8 






N 


Baud rate devisor 


1 




216-1 







Note 1 * = Baudout* cycle 
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ABSOLUTE MAXIMUM RATINGS 



Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



7 Volts 

GND-0.3 V to VCC+0.3 V 
0° C to +70° C 
-40° C to +150° C 
500 mW 



DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=3.6 - 5.0 V ± 10% unless otherwise specified. 





Parameter 




Limits 




llllll 


Conditions 






Min 


Typ 


Max 














VlLCK 


Clock input low level 


-0.5 




0.6 


V 




VlHCK 


Clock input high level 


3.0 




VCC 


V 




VlL 


Input low level 


-0.5 




0.8 


V 




VlH 


Input high level 


2.2 




VCC 


V 




Vol 


Output low level 






0.4 


V 


Iol= 6.0 mA D7-D0 














Iol= 20.0 mA PD7- 














PDO 














Iol= 10 mA 














SLCTIN*, 














INIT*,STROBE*, 














AUTOFDXT* 














Iol= 6.0 mA on all 














other outputs 


VOH 


Output high level 


2.4 






V 


Ioh= -6.0 mA D7- 














D0 














Ioh= -12.0 mA 














PD7-PD0 














Ioh= -0.2 mA 














SLCTIN*, 














INIT*,STROBE*, 














AUTOFDXT* 














Ioh= -6.0 mA on all 














other outputs 


Ice 


Avg power supply current 




2.5 


4 


mA 




IlL 


Input leakage 






±10 


\xA 




ICL 


Clock leakage 






±10 


\iA 




RlN 


Internal pull-up resistance 


5 




15 


kQ 


*Marked pins 
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Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Tvd 


Max 














VlLCK 


Clock input low level 


-0.3 




0.8 


V 


Vcc=3.0 V 


VlHCK 


Clock input high level 


2.4 




VCC 


V 


Vcc=3.0 V 


VlL 


Input low level 


-0.3 




0.8 


V 


Vcc=3.0 V 


VlH 


Input high level 


2.0 




VCC 


V 


Vcc=3.0 V 


Vol 


Output low level 






0.4 


V 


Iol= 5 mA D7-D0 
Iol= 14 mA PD7- 
PD0 

Iol= 5 mA 
SLCTIN*, 
INIT.STROBE*, 
AUTOFDXT* 


Voh 


Output high level 


2.0 






V 


Ioh= -2.2 mA D7- 
D0 

Ioh= -5 mA PD7- 
PD0 

Ioh= -0.2 mA 
SLCTIN*, 
INIT*,STROBE*, 
AUTOFDXT* 


Ice 


Avg power supply current 




1.4 


1.6 


mA 


Vcc=3.0 V 
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A0-A2 



CSx* 



IOW* 



D0-D7 




162450-WD-1 
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MODEM TIMING 




CLOCK TIMING 



EXTERNAL 
CLOCK 




N ►N ►! . 

CLOCK PERIOD CLOCK PERIOD 161450-CK-1 
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RECEIVE TIMING 



RX 



INTx 



IOR* 



START BIT 
H 



\4- 



DATA BITS (5-8) 



STOP BIT 



DO 



D1 



D2 



D3 



D4 



D5 



D6 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 




16 BAUD RATE CLOCK 



162450-RX-1 
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RXRDY TIMING FOR MODE M M 

START BIT 
H 

W 



DATA BITS (5-8) 



STOP BIT 



RX 

(First byte) 





D1 


D2 


D3 


D4 


D5 


D6 


D7 
















-j 



5 DATA BITS 



6 DATA BITS 



7 DATA BITS 



W"T"44 



RXRDY* 



IOR* 



O 

Oi 

en 

Is) 




N HT45 



16552-RX-2 
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CD 
v 
I— 
(/) 

RXRDY TIMING FOR MODE "1" 



RX 



START BIT 



DATA BITS (5-8) 



STOP BIT 



w — 














W 


\ D0 


D1 


D2 


D3 


D4 


D5 


D6 


D7 )( 




5 DATA BITS 



PARITY BIT 



6 DATA BITS 



7 DATA BITS 



First byte that reaches 
the trigger level 



T44 



RXRDY* 



IOR* 



|^ >|T45 



16552-RX-3 
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TRANSMIT TIMING 



TX 



INTx 



IOW* 



START BIT 
H 

\4- 



DATA BITS (5-8) 



STOP BIT 



DO 



D1 



D2 



D3 



D4 



D5 



5 DATA BITS 



6 DATA BITS 



-W 



H4- 



7 DATA BITS 



->| \<~ T33 




H 

162450-TX-1 



16 BAUD RATE CLOCK 
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TXRDY TIMING FOR MODE "0" 

START BIT 
H 



TX 



IOW* 



D0-D7 



TXRDY* 



DATA BITS (5-8) 



STOP BIT 



\ D0 


D1 


D2 


D3 


D4 


D5 


D6 


D7 
















-j 



5 DATA BITS 



-W 




PARITY BIT 



6 DATA BITS 



7 DATA BITS 



< BYTE #1 



T46 



T47 



16552-TX-2 
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TXRDY TIMING FOR MODE "V 



IOW* 



D0-D7 



TXRDY* 



START BIT 



DATA BITS (5-8) 



STOP BIT 





W 












M 


TX 


y D ° 


D1 


D2 


D3 


D4 


D5 | D6 


D7 > 



<BYTE#16 



5 DATA BITS 




PARITY BIT 



6 DATA BITS 



7 DATA BITS 



T46 



-W f*- T47 



FIFO FULL 



16552-TX-3 
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GENERAL READ TIMING 



ACK* 



INT* 



IOR* 



INTSEL 



PD0-PD7 



i T39 ; 
N - H 



T40 -►I |4- 



T40 



NORMAL MODE 



\*~ T42 



T43 



INTERRUPT LATCHED MODE SELECT 



T41 



r ~ \i 

VALID DATA 



16452-PR-1 
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PARALLEL PORT GENERAL WRITE TIMING 



A0-A2 



CSP* 



IOV\T 



D0-D7 




PDO-PD7 
STROBE* 
INIT 

AUTOFDX* 
SLCTIN* 




16452-PW-1 



3-361 



ST16C552 




CM 

IO 
O 

H 




3-362 



STARTECH 

An X* EJWRCompany 



ST16C553 



Printed August 7, 1995 



UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFO 
AND PARALLEL PRINTER PORT WITH 83 BYTE FIFO 



DESCRIPTION 



The ST16C553 is a dual universal asynchronous 
receiver and transmitter with 16 byte transmit and 
receive FIFO and a bi-directional CENTRONICS type 
parallel printer port with 83 bytes of FIFO. A program- 
mable baud rate generator is provided to select trans- 
mit and receive clock rates from 50Hz to 1 .5 MHz. 
The ST1 6C553 on board status registers provides the 
error conditions, type and status of the transfer 
operation being performed. Included is complete 
MODEM control capability, and a processor interrupt 
system that may be software tailored to the user's 
requirements. The ST16C553 provides internal loop- 
back capability for on board diagnostic testing. 
The ST16C553 is fabricated in an advanced 1.2u, 
CMOS process to achieve low drain power and high 
speed requirements. 



TXB [jcT 
DTRB' [TT 
RTSB* [7T 
CTSB* QF 
DO (JT 

di [rT 

D2 [W 

D3 [TT 

D4 {W_ 

D5 [TiT 

D6 \W 

D7 [TT 

TXRDYA' [17 

VCC [23 

RTSA' \?L 

DTRA' \W 

TXA QmT 



PLCC Package 
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ST16C553CJ68 



INTP 

~58~] SLCTIN' 

"57~| INIT 

~56~] AUTOFDXT' 

"55] STROBE' 

"54] GND 

~53~| PDO 

IT] PD1 

51~| PD2 

50~| PD3 

"49] PD4 

"48] PD5 

TT] PD6 

"461 PD7 

"45] INTA 

~44~| RDOUT 



FEATURES 



• Pin to pin and functional compatible to VL1 6C552, 
WD16C552 

• 16 byte transmit FIFO 

• 16 byte receive FIFO with error flags 

• 83 bytes of printer output FIFO 

• Modem control signals (CTS*. RTS*, DSR*, DTR*, 
Rl*, CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, orno parity bit generation and detection 

• Status report register 

• Independent transmit and receive control 

• TTL compatible inputs, outputs 

• Software compatible with INS8250, NS16C550 

• 460.8 kHz transmit/receive operation with 7.372 
MHz crystal or external clock source. 

• Bi-directional hardware/software parallel port 

• Bi-directional I/O ports 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST16C553CJ68 PLCC 0° C to + 70° C 

ST16C553IJ68 PLCC -40° C to + 85° C 



Rev. 1.0 
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BLOCK DIAGRAM 



D0-D7 
I OR* 
IOW* 
RESET* 
BIDEN 



A0-A2 
CSA* 
CSB* 
CSP* 



INT A/B 
INTP 
RXRDY* 
TXRDY* 




Transmit 

FIFO 
Registers 



Receive 
FIFO 
Registers 



Printer 
FIFO 
Registers 



Clock 
& 

Baud Rate 
Generator 



a 



Transmit 

Shift 
Register 



Receive 

Shift 
Register 



Printer 
Data 
Ports 



Printer 
Control 
Logic 



Modem 
Control 
Logic 



TXA/B 



RXA/B 



PD0-PD7 



STROBE* 
INIT 

AUTOFDX* 
SELCTIN* 

PE y SELECT 

BUSY*,ACK* 

ERROR 

DTRA/B* 
RTSA/B* 

CTSA/B* 
RIA/B* 
CD A/B* 
DSRA/B* 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


D0-D7 


14-21 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus and the first serial data bit to 
be received or transmitted. 


A0-A2 


35-33 


1 


Address select lines. To select internal registers. 


CLK 


4 


1 


Clock input. An external clock can be used to clock internal 
circuit and baud rate generator for custom transmission 
rates. 


BIDEN 


1 


1 


Printer direction select. A high puts the parallel port in the 
input / output mode and low sets the ST16C553 to output 
mode. 


IOW* 


36 


1 


Write strobe (active low). A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


IOR* 


37 


1 


Read strobe (active low). A low level on this pin transfers 
the contents of the ST16C553 data bus to the CPU. 


RDOUT 


44 


o 


Read select out (active high). This pin goes high when the 
CPU is reading data from the ST16C553 to en/disable the 
external transceiver or logic's. 


RESET* 


39 


1 


Master reset (active low). A low on this pin will reset all the 
outputs and internal registers. The transmitter output and 
the receiver input will be disabled during reset time. 


CS* A/B 


32,3 


1 


Chip select A/B (active low). A low at this pin enables the 
serial port-A/B / CPU data transfer operation. 


DSR* A/B 


31,5 


1 


Data set ready A/B (active low). A low on this pin indicates 
the MODEM is ready to exchange data with UART. This pin 
does not have any effect on the transmit or receive opera- 
tion. 


Rl* A/B 


30,6 


1 


Ring detect indicator A/B (active low). A low on this pin 
indicates the modem has received a ringing signal from 
telephone line. 
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Symbol 


Pin 


Signal Type 


Pin Description 


CD* A/B 


29,8 


I 


Carrier detect A/B (active low). A low on this pin indicates 
the carrier has been detected by the modem. 


TXA/B 


26,10 


O 


Serial data output A/B. The serial data is transmitted via 
this pin with additional start , stop and parity bits. The TX will 
be held in mark (high) state during reset, local loopback 
mode or when the transmitter is disabled. 


DTR* A/B 


25,11 


o 


Data terminal ready A/B (active low). To indicate that 
ST16C553 is ready to receive data. This pin can be 
controlled via the modem control register (MCR bit-0). 
Writing a "1" at the MCR bit-0 will setthe DTR*outputto low. 
This pin will be set to high state after writing a "0" to that 
register or after the reset . Note that this pin does not have 
any effect on the transmit or receive operation. 


RTS* A/B 


24,12 


o 


Request to send A/B (active low). To indicate that the 
transmitter has data ready to send. Writing a "1" in the 
modem control register (MCR bit-1 ) will set this pin to a low 
state. After the reset this pin will be set to high. Note that 
this pin does not have any effect on the transmit or receive 
operation. 


RX A/B 


41,62 


I 


Serial data input A/B. The serial information (data) received 
from serial port to ST16C553 receive input circuit. A mark 
(high) is logic one and a space (low) is logic zero. During the 
local loopback mode the RX input is disabled from external 
connection and connected to the TX output internally. 


CTS* A/B 


28,13 


I 


Clear to send A/B (active low). The CTS* signal is a 
MODEM control function input whose conditions can be 
tested by reading the MSR BIT-4. CTS* has no effect on the 
transmit or receive operation. 


INT A/B 


45,60 


o 


Interrupt output A/B (three state active high) This pin goes 
high (when enabled by the interrupt enable register) when- 
ever a receiver error, receiver data available, transmitter 
empty, or modem status condition flag is detected. 


TXRDY* A/B 


22,42 


o 


Transmit ready A/B (active low). This pin goes high when 
the transmit FIFO ofthe ST1 6C553 is full. It can be used as 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 








a single or multi-transfer. 


RXRDY* A/B 


9,61 


O 


Receive ready A/B (active low). This pin goes low when the 
receive FIFO is full. It can be used as a single or multi- 
transfer. 


CSP* 


38 


I 


Parallel printer port chip select (active low). A low at this pin 
enables the parallel port / CPU data transfer operation. 


PD7-PD0 


46-53 


I/O 


Bi-directional parallel ports (three state). To transfer data in 
or out of the ST1 6C553 parallel port. PD7-PD0 are latched 
during output mode. 


STROBE* 


55* 


I/O 


General purpose I/O or data strobe output (open drain 
active low). This output indicates to the printer that valid 
data is available at the printer port (PD0-PD7). 


AUTOFDXT* 


56* 


I/O 


General purpose I/O or automatic line feed (open drain 
active low). When this pin this signal is low, the printer 
should automatically line feed after each line is printed. 


INIT 


57* 


I/O 


General purpose I/O or line printer initialize (open drain 
active high). To signal the line printer to enter internal 
initialization routine. 


SLCTIN* 


58* 


I/O 


General purpose I/O or line printerselect (open drain active 
low). When this signal is low, it selects the printer. 


ERROR* 


63* 


I 


General purpose input or line printer error (active low). This 
is an output from the printer to indicate an error by holding 
it low during error condition. 


SLOT 


65* 


I 


General purpose input or line printer selected (active high). 
This is an output from the printer to indicate that the line 
printer has been selected. 


BUSY 


66* 


I 


General purpose input or line printer busy (active high). An 
output from the printer to indicate printer is not ready to 
accept data. 
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Symbol 


Pin 


Signal Type 


Pin Description 


PE 


67* 


I 


General purpose input or line printer paper empty (active 
high). An output from the printer to indicate out of paper. 


ACK* 


68* 


I 


General purpose input or line printer acknowledge (active 
low). This input is pulsed low by the printer to indicate that 
data has been accepted successfully. 


INTP* 


59 


O 


Printer interrupt output (active low). To signal the state of 
the printer port. This pin tracks the ACK* input pin, When 
ACK* is low INTP is low and when ACK* is high INTP is high 


INTSEL* 


43 


I 


Interrupt select mode. The external ACK* can be selected 
as an interrupt source by connecting this pin to the GND. 
Connecting this pin to VCC will set the interrupt to latched 
mode, reading the status register of the printer section 
resets the INTP output. 


GND 


2,7,54 


O 


Signal and power ground. 


VCC 


23,40,64 


I 


Power supply input. 



* Have internal pull-up resistor on inputs 



PROGRAMMING TABLE FOR SERIAL PORTS 



A2 


A1 


AO 


READ MODE 


WRITE MODE 











Receive Holding Register 


Transmit Holding Register 








1 




Interrupt Enable Register 





1 





Interrupt Status Register 


FIFO Control Register 





1 


1 




Line Control Register 


1 










Modem Control Register 


1 





1 


Line Status Register 




1 


1 





Modem Status Register 




1 


1 


1 


Scratchpad Register 


Scratchpad Register 













LSB of Divisor Latch 








1 




MSB of Divisor Latch 
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O 
en 
01 



A2 A1 AO 


Register 


BIT-7 


BIT-6 


BIT-5 


BIT-4 


BIT-3 


BIT-2 


BIT-1 


BIT-0 





RHR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





THR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


IER 














modem 
status 
interrupt 


receive 

line 
status 


transmit 
holding 
register 
interrupt 


receive 
holding 
register 


U 1 U 


run 


trigger 
(MSB) 


KUVK 

trigger 
(LSB) 


u 


u 


nivvi a 

UMA 

mode 
select 


AMI I 

FIFO 
reset 


DA\/D 
KUVK 

FIFO 
reset 


rlrvj 

enable 


1 


ISR 


0/ 
FIFOs 
enabled 


0/ 
FIFOs 
enabled 








int 
priority 
bit-2 


int 
priority 
bit-1 


int 
priority 
bit-0 


int 
status 


1 1 


LCR 


divisor 
latch 
enable 


set 
break 


set 
parity 


even 
parity 


parity 
enable 


stop 
bits 


word 
length 
bit-1 


word 
length 
bit-0 


1 


MCR 











loop 
back 


INT 
onahlp 


not 
used 


RTS* 


DTR* 


1 1 


LSR 


0/ 
FIFO 
error 


trans, 
empty 


trans, 
holding 
empty 


break 
interrupt 


framing 
error 


parity 
error 


overrun 
error 


receive 
data 
ready 


1 1 


MSR 


CD 


Rl 


DSR 


CTS 


delta 
CD* 


delta 
Rl* 


delta 
DSR* 


delta 
CTS* 


1 1 1 


SPR 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 





DLL 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


1 


DLM 


bit-15 


bit-14 


bit-13 


bit-12 


bit-11 


bit-1 


bit-9 


bit-B 



DLL and DLM are accessible only when LCR bit-7 is set to "1". 
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REGISTER FUNCTIONAL DESCRIPTIONS 
TRANSMIT AND RECEIVE HOLDING REGISTER 

The serial transmitter section consists of a Transmit 
Hold Register (THR) and Transmit Shift Register 
(TSR). The status of the transmit hold register is 
provided in the Line Status Register (LSR). Writing to 
this register (THR) will transfer the contents of data 
bus (D7-D0) to the Transmit holding register when- 
ever the transmitter holding register or transmitter 
shift register is empty. The transmit holding register 
empty flag will be set to "1" when the transmitter is 
empty or data is transferred to the transmit shift 
register. Note that a write operation should be per- 
formed when the transmit holding register empty flag 
is set. 

On the falling edge of the start bit, the receiver internal 
counter will start to count 7 1/2 clocks (16x clock) 
which is the center of the start bit. The start bit is valid 
if the RX is still low at the mid-bit sample of the start 
bit. Verifying the start bit prevents the receiver from 
assembling a false data character due to a low going 
noise spike on the RX input. Receiver status codes will 
be posted in the Line Status Register. 



FIFO INTERRUPT MODE OPERATION 



FIFO POLLED MODE OPERATION 

When FCR BIT-0=1 ; resetting IER BIT 3-0 to zero puts 
the ST16C553 in the FIFO polled mode of operation. 
Since the receiver and transmitter are controlled 
separately either one or both can be in the polled mode 
operation by utilizing the Line Status Register. 

A) LSR BIT-0 will be set as long as there is one byte 
in the receive FIFO. 

B) LSR BIT4-1 will specify which error(s) has oc- 
curred. 

C) LSR BIT-5 will indicate when the transmit FIFO is 
empty. 

D) LSR BIT-6 will indicate when both transmit FIFO 
and transmit shift register are empty. 

E) LSR BIT-7 will indicate when there are any errors 
in the receive FIFO. 

The ST1 6C553 requires to have two step FIFO enable 
operation in order to enable receive trigger levels. 



When the receive FIFO (FCR BIT-0=1) and receive 
interrupts (IER BIT-0=1) are enabled, receiver inter- 
rupt will occur as follows: 

A) The receive data available interrupts will be issued 
to the CPU when the FIFO has reached its pro- 
grammed trigger level; it will be cleared as soon as the 
FIFO drops below its programmed trigger level. 

B) The ISR receive data available indication also 
occurs when the FIFOtrigger level is reached, and like 
the interrupt it is cleared when the FIFO drops below 
the trigger level. 

C) The data ready bit (LSR BIT-0) is set as soon as a 
character is transferred from the shift register to the 
receiver FIFO. It is reset when the FIFO is empty. 



PROGRAMMABLE BAUD RATE GENERATOR 

The ST16C553 contains a programmable Baud Rate 
Generator that is capable of taking any clock input 
from DC-24 MHz and dividing it by any divisor from 1 
to 2ie -1 . The output frequency of the Baudout* is 
equal to 16X of transmission baud rate (Baudout*=16 
x Baud Rate). Customize Baud Rates can be 
achieved by selecting proper divisor values for MSB 
and LSB of baud rate generator. 



INTERRUPT ENABLE REGISTER (IER) 

The Interrupt Enable Register (IER) masks the incom- 
ing interrupts from receiver ready, transmitter empty, 
line status and modem status registers to the INT 
output pin. 
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IER BIT-0: 

0=disable the receiver ready interrupt. 
1=enable the receiver ready interrupt. 

IER BIT-1: 

0=disable the transmitter empty interrupt. 
1=enable the transmitter empty interrupt. 

IER BIT-2: 

0=disable the receiver line status interrupt. 
1=enable the receiver line status interrupt. 

IER BIT-3: 

0=disable the modem status register interrupt. 
1=enable the modem status register interrupt. 

IER BIT 7-4: 

All these bits are set to logic zero. 



INTERRUPT STATUS REGISTER (ISR) 

The ST16C553 provides four level prioritized inter- 
rupt conditions to minimize software overhead during 
data character transfers. The Interrupt Status Regis- 
ter (ISR) provides the source of the interrupt in priori- 
tized matter. During the read cycle the ST16C553 
provides the highest interrupt level to be serviced by 
CPU. No other interrupts are acknowledged until the 
particular interrupt is serviced. The following are the 
prioritized interrupt levels: 

Priority level 



p 


ill 


D2 


D1 


DO 


Source of the interrupt 


1 





1 


1 





LSR (Receiver Line Sta- 












tus Register) 


2 





1 








RXRDY (Received Data 












Ready) 


2* 


1 


1 








RXRDY (Receive Data 












time out) 


3 








1 





TXRDY ( Transmitter 












Holding Register Empty) 


4 














MSR (Modem Status 












Register) 



♦RECEIVE TIME-OUT: 

This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 

Example -A: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40 / 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 

Example -B: If user programs the word length = 7, with 

parity and one stop bit, the time out will be: 

T = 4 X 7(programmed word length) + 12 = 40 bits 

Character time = 40 / 10 [ (programmed word length 

= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 

characters. 

ISR BIT-0: 

0=an interrupt is pending and the ISR contents may be 
used as a pointer to the appropriate interrupt service 
routine. 

1=no interrupt pending. 
ISR BIT 1-3: 

Logical combination of these bits, provides the high- 
est priority interrupt pending. 

ISR BIT 4-7: 

These bits are not used and are set to zero in 
ST1 6C450 mode. BIT 6-7: are set to "1 " in ST1 6C553 
mode. 

FIFO CONTROL REGISTER (FCR) 

This register is used to enable the FIFOs, clear the 
FIFOs, set the receiver FIFO trigger level, and select 
the type of DMA signaling. 

FCR BIT-0: 

0=Disable the transmit and receive FIFO. 
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1 =Enable the transmit and receive FIFO. 

This bit should be enabled before setting the FIFO 

trigger levels. 

FCR BIT-1: 

0=No change. 

1 =Clears the contents of the receive FIFO and resets 
its counter logic to (the receive shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCR BIT-2: 

0=No change. 

1 =Clears the contents of the transmit FIFO and resets 
its counter logic to (the transmit shift register is not 
cleared or altered). This bit will return to zero after 
clearing the FIFOs. 

FCR BIT-3: 

0=No change. 

1=Changes RXRDY and TXRDY pins from mode "0" 
to mode "1". 

Transmit operation in mode "0": 
When ST1 6C553 is in ST1 6C450 mode ( FCR bit-0=0 
) or in the FIFO mode ( FCR bit-0=1, FCR bit-3=0 ) 
when there are no characters in the transmit FIFO or 
transmit holding register, the TXRDY* pin will go low. 
Once active the TXRDY* pin will go high (inactive) 
after the first character is loaded into the transmit 
holding register. 

Receive operation in mode "0": 
When ST1 6C553 is in ST1 6C450 mode ( FCR bit-0=0 
) or in the FIFO mode ( FCR bit-0=1 , FCR bit-3=0) and 
there is at least 1 character in the receive FIFO, the 
RXRDY* pin will go low. Once active the RXRDY* pin 
will go high (inactive) when there are no more charac- 
ters in the receiver. 

Transmit operation in mode "1": 
When ST16C553 is in ST16C550 mode ( FCR bit- 
0=1 , FCR bit-3=1 ) the TXRDY* pin will become high 
(inactive) when the transmit FIFO is completely full. It 
will be low if one or more FIFO locations are empty. 



Receive operation in mode "1": 
When ST16C553 is in ST16C550 mode ( FCR bit- 
0=1 , FCR bit-3=1 ) and the trigger level or the timeout 
has been reached, the RXRDY* pin will go low. Once 
it is activated it will go high (inactive) when there are 
no more characters in the FIFO. 

FCR BIT 4-5: 

Not used. 

FCR BIT 6-7: 

These bits are used to set the trigger level for the 
receiver FIFO interrupt. 



BIT-7 


BIT-6 


FIFO trigger level 








01 





1 


04 


1 





08 


1 


1 


14 



LINE CONTROL REGISTER (LCR) 

The Line Control Register is used to specify the 
asynchronous data communication format. The num- 
ber of the word length, stop bits, and parity can be 
selected by writing appropriate bits in this register. 

LCR BIT1-0: 

These two bits specify the word length to be transmit- 
ted or received. 



BIT-1 


BIT-0 


Word length 








5 





1 


6 


1 





7 


1 


1 


8 
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LCR BIT-2: 

The number of stop bits can be specified by this bit. 



BIT-2 


Word length 


Stop bit(s) 





5,6,7,8 


1 


1 


5 


1-1/2 


1 


6,7,8 


2 



LCR BIT-3: 

Parity or no parity can be selected via this bit. 
0=no parity 

1=a parity bit is generated during the transmission, 
receiver also checks for received parity. 

LCR BIT-4: 

If the parity bit is enabled, LCR BIT-4 selects the even 
or odd parity format. 

0=ODD parity is generated by forcing an odd number 
of 1 's in the transmitted data, receiver also checks for 
same format. 

1 = EVEN parity bit is generated by forcing an even the 
number of 1's in the transmitted data, receiver also 
checks for same format. 

LCR BIT-5: 

If the parity bit is enabled, LCR BIT-5 selects the 
forced parity format. 

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to 
T in the transmitted and received data. 
LCR BIT-5=1 and LCR BIT-4=1 , parity bit is forced to 
M 0" in the transmitted and received data. 

LCR BIT-6: 

Break control bit. It causes a break condition to be 
transmitted (the TX is forced to low state). 
0=normal operating condition. 
1 =forces the transmitter output (TX) to go low to alert 
the communication terminal. 

LCR BIT-7: 

The internal baud rate counter latch enable (DLEN). 
0=normal operation. 
1=select divisor latch register. 



MODEM CONTROL REGISTER (MCR) 

This register controls the interface with the MODEM 
or a peripheral device (RS232). 

MCR BIT-0: 

0=force DTR* output to high. 
1 =force DTR* output to low. 

MCR BIT-1: 

0=force RTS* output to high. 
1=force RTS* output to low. 

MCR BIT-2: 

Not used. 

MCR BIT-3: 

0=set INT output pin to three state mode. 

1=set INT output pin to normal / active operating 

mode. 

MCR BIT-4: 

0=normal operating mode. 

1=enable local loop-back mode (diagnostics). The 
transmitter output (TX) is set high (Mark condition), 
the receiver input (RX) , CTS*, DSR*, CD*, and Rl*are 
disabled. Internally the transmitter output is con- 
nected to the receiver input and DTR*, RTS*, MCR 
bit-2 and INT enable are connected to modem control 
inputs. 

In this mode , the receiver and transmitter interrupts 
are fully operational. The Modem Control Interrupts 
are also operational, but the interrupts sources are 
now the lowerfourbits of the Modem Control Register 
instead of the four Modem Control inputs. The inter- 
rupts are still controlled by the IER . 



MCR BIT 5-7: 

Not used. Are set to zero permanently. 
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LINE STATUS REGISTER (LSR) 

This register provides the status of data transfer to 
CPU. 

LSRBIT-0: 

0=no data in receive holding register or FIFO. 

1 =data has been received and saved in the receive 

holding register or FIFO. 

LSR BIT-1: 

0=no overrun error (normal). 
1 = overrun error, next character arrived before receive 
holding register was emptied or if FIFOs are enabled, 
an overrun error will occur only after the FIFO is full 
and the next character has been completely received 
in the shift register. Note that character in the shift 
register is overwritten, but it is not transferred to the 
FIFO. 

LSR BIT-2: 

0=no parity error (normal). 

1=parity error, received data does not have correct 
parity information. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 

LSR BIT-3: 

0=no framing error (normal). 
1 =framing error received, received data did not have 
a valid stop bit. In the FIFO mode this error is 
associated with the character at the top of the FIFO. 

LSR BIT-4: 

0=no break condition (normal). 
1 = receiver received a break signal (RX was low for 
one character time frame). In FIFO mode, only one 
zero character is loaded into the FIFO. 

LSR BIT-5: 

0=transmit holding register is full. ST16C553 will not 
accept any data for transmission. 
1=transmit holding register (or FIFO ) is empty. CPU 
can load the next character. 

LSRBIT-6: 

(^transmitter holding and shift registers are full. 
1 transmitter holding and shift registers are empty. In 



FIFO mode this bit is set to one whenever the trans- 
mitter FIFO and transmit shift register are empty. 

LSRBIT-7: 

0=Normal. 

1=At least one parity error, framing error or break 
indication in the FIFO. This bit is cleared when LSR is 
read. 



MODEM STATUS REGISTER (MSR) 

This register provides the current state of the control 
lines from the modem or peripheral to the CPU. Four 
bits of this register are used to indicate the changed 
information. These bits are set to "1" whenever a 
control input from the MODEM changes state. They 
are set to "0" whenever the CPU reads this register. 

MSR BIT-0: 

Indicates that the CTS* input to the ST16C553 has 
changed state since the last time it was read. 

MSR BIT-1: 

Indicates that the DSR* input to the ST16C553 has 
changed state since the last time it was read. 

MSR BIT-2: 

Indicates that the Rl* input to the ST16C553 has 
changed from a low to a high state. 

MSR BIT-3: 

Indicates that the CD* input to the ST16C553 has 
changed state since the last time it was read. 

MSR BIT-4: 

This bit is equivalent to RTS in the MCR during local 
loop-back mode. It is the compliment of the CTS* 
input. 

MSR BIT-5: 

This bit is equivalent to DTR in the MCR during local 
loop-back mode. It is the compliment of the DSR* 
input. 

MSRBIT-6: 

This bit is equivalent to MCR bit-2 during local loop- 
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back mode. It is the compliment of the Rl* input. 
MSR BIT-7: 

This bit is equivalent to INT enable in the MCR during 
local loop-back mode. It is the compliment to the CD* 
input. 

Note: Whenever MSR BIT3-0: is set to logic "1", a 
MODEM Status Interrupt is generated. 

SCRATCHPAD REGISTER (SR) 

ST16C553 provides a temporary data register to store 
8 bits of information for variable use. 



ST16C553 EXTERNAL RESET CONDITION 



BAUD RATE GENERATOR PROGRAMMING 
TABLE (1.8432 MHz CLOCK): 



REGISTERS 


RESET STATE 


IER 


IER BITS 0-7=0 


ISR 


ISR BIT-0=1, ISR BITS 1-7=0 


LCR 


LCR BITS 0-7=0 


MCR 


MCR BITS 0-7=0 


LSR 


LSR BITS 0-4=0, 




LSR BITS 5-6=1 LSR, BIT 7=0 


MSR 


MSR BITS 0-3=0, 




MSR BITS 4-7=input signals 


FCR 


FCR BITS 0-7=0 


AFR 


AFR BIT 0-7=0 



BAUD RATE 


16 x CLOCK 
DIVISOR 


% ERROR 


50 


2304 




110 


1047 


0.026 


150 


768 




300 


384 




600 


192 




1200 


96 




2400 


48 




4800 


24 




7200 


16 




9600 


12 




19.2K 


6 




38.4K 


3 




56K 


2 


2.77 


115.2K 


1 





SIGNALS 


RESET STATE 


TXA/B 
RTS* A/B 
DTR* A/B 
INT A/B, P 
RXRDY* A/B 
TXRDY* A/B 


High 
High 
High 

Three state mode 

High 

Low 



PRINTER PORT PROGRAMMING TABLE: 



A1 


AO 


IOW* 


IOR* 








PORT REGISTER 


PORT REGISTER 





1 


I/O SELECT REGISTER 


STATUS REGISTER * 


1 





CONTROL REGISTER 


COMMAND REGISTER 


1 


1 


ALTERNATE FUNCTION REGISTER 


FIFO BYTE COUNT REGISTER 



Reading the status register will reset the INTP output. 
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PRINTER FUNCTIONAL DESCRIPTION 

The ST16C553 parallel port is designed to operate as 
a normal CENTRONICS printer interface. The port 
contains 83 byte FIFO that may be enabled via bit-7 
of the Alternate Function Register (AFR). After reset, 
the FIFO is disabled and the part will function identical 
to the ST16C552. Once the FIFO is enabled via AFR 
bit-7, the port will enter FI FO mode after the first byte 
of data is strobed to the printer and the printer re- 
sponds with either an ACK* or BUSY signal. 

The ST1 6C553 will remain in FIFO mode until the part 
is reset or INIT is brought low. While in FIFO mode, 
data transfer to the printer will be controlled by the 
printer without any user intervention. The printer port 
also contains a FIFO byte counter that maintains a 
count of the number of bytes remaining in the FIFO. 
The FIFO and the FIFO byte counter are cleared by a 
reset or by a change of state of the INIT pin. All FIFO 
related timing is derived from the clock input to pin 4 
of the part. 

A special parallel port write / read mode is activated 
when INIT is held low, either by writing a "0" to Control 
Register bit-2 or by forcing the INIT pin low. In this 
mode the FIFO read pointer is advanced by reading 
the parallel port instead of the ACK* or BUSY signals. 
The STROBE* output is forced high. This allows the 
user to perform write to parallel port and read from 
parallel port operations without strobing data to the 
printer. 

Following an INIT, the parallel port will not be in the 
FIFO mode. Control Register bit-0 is used as the 
STROBE*, Status Register bit-7 is the inverse of the 
BUSY signal, and INTP* is derived from ACK*. The 
transition into FIFO mode will occur after the first 
STROBE* is generated and the printer responds with 
either an ACK* or BUSY. In FIFO mode, STROBE* is 
generated automatically and writing to Control Regis- 
ter bit-0 has no effect on STROBE*. Alternate Func- 
tion Register bit 0-2 are used to control the delay and 
width of STROBE*. Handshaking between the printer 
and the ST16C553 may be controlled by bit-3 of the 
Alternate Function Register. Setting this bit to a "1 " will 
result in the use of BUSY instead of ACK* for FIFO 



reading and interrupt control. INTP* will transition low 
when a "1" is written to Control Register bit-0 and will 
transition high when a write to parallel port is per- 
formed. In FIFO mode, data transfer to the printer will 
be controlled by the printer and will occur at the 
printer's maximum data rate. 

The FIFO byte counter is incremented one count for 
each parallel port write and decremented one count 
for each FIFO read (data taken by printer). A FIFO 
read will be generated at the falling edge of either 
ACK* or BUSY. The byte counter will require two to 
three clock cycles to update. Hence, a read to Fifo 
Byte Count Register (FBCR) should only be per- 
formed minimum of three clock after the falling edge 
of either ACK* or BUSY. The counter is reset when- 
everthe FIFO is reset. If write to parallel port operation 
is attempted when the FIFO is full, the data will not be 
written into the FIFO and the counter will not incre- 
ment. 

Two interrupt modes are available and are selected 
with the INTSEL* pin. If this pin is tied high, a latched 
interrupt will result. In this mode, INTP* will transition 
low when a "1" is written to Control Register bit-0. A 
reset or reading the Status Register will clear the 
interrupt. If INTSEL* pin is tied low, INTP* will transi- 
tion low when a "1 " is written to Control Register bit-0 
and will transition high when a write to the parallel port 
is issued. This (non-latched) interrupt signal is always 
available in Status Register bit-6 regardless of the 
state of the INTSEL* pin. Status Register bit-2 will 
always contain the latched interrupt state. The polarity 
of the INTP* pin may be inverted by setting Alternate 
Function Register bit-6 high. 

The ST16C553 provides additional programmable 
interrupt output options by programming the Alternate 
Function Register bit 4-5. INTP* output can be se- 
lected as FIFO full or FIFO empty interrupt. 
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PRINTER PORT REGISTER DESCRIPTIONS 
PORT REGISTER 

Bi-directional printer port. 

Writing to this register during output mode will transfer 
the contents of the data bus to the PD7-PD0 ports . 
Reading this register during input mode will transfer 
the states of the PD7-PD0 to the data bus. This 
register will be set to the output mode after reset. 

PR BIT 7-0: 

PD7-PD0 bi-directional I/O ports. 
STATUS REGISTER 

This register provides the state of the printer outputs 
and the interrupt condition. 

SR BIT 1-0: 

This bit is set to "1" normally except when interrupt is 
selected as FIFO empty via AFR. 

SR BIT-2: 

Interrupt condition. 

0= an interrupt is pending 

This bit will be set to "0" at the falling edge of the ACK* 
input. 

1= no interrupt is pending 

Reading the STATUS REGISTER will set this bit to 
« r 

SR BIT-3: 

ERROR input state. 

0= ERROR input is in low state 

1= ERROR input is in high state 

SR BIT-4: 

SLCT input state. 

0= SLCT input is in low state 

1= SLCT input is in high state 

SR BIT-5: 

PE input state. 

0= PE input is in low state 

1= PE input is in high state 

3-: 



SR BIT-6: 

ACK* input state. 

0= ACK* input is in low state 

1= ACK* input is in high state 

SR BIT-7: 

BUSY or FIFO full/ FIFO empty signal. 

ST16C552 mode (FIFO is not enabled). 
0= BUSY input is in high state 
1= BUSY input is in low state 

FIFO is enabled. 
0= FIFO is full 

1= One or more empty locations in FIFO 
COMMAND REGISTER 

The state of the STROBE*, AUTOFDXT*, INIT, 
SLCTIN* pins, and interrupt enable bit can be read by 
this register regardless of the I/O direction. 

COM BIT-0: 

STROBE* input pin. 

0= STROBE* pin is in high state 

1= STROBE* pin is in low state 

COMBIT-1: 

AUTOFDXT* input pin. 

0= AUTOFDXT* pin is in high state 

1= AUTOFDXT* pin is in low state 

COM BIT-2: 

INIT input pin. 

0= INIT pin is in low state 

1= INIT pin is in high state 

COM BIT-3: 

SLCTIN* input pin. 

0= SLCTIN* pin is in high state 

1 = SLCTIN* pin is in low state 
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COM BIT-4: 

Interrupt mask. 

0= Interrupt (INTP output) is disabled 
1= Interrupt (INTP output) is enabled 

COM BIT 7-5: 

Not used. Are set to "1" permanently. 
CONTROL REGISTER. 

Writing to this register will set the state of the 
STROBE*, AUTOFDXT*, INIT, SLCTIN pins, and 
interrupt mask register. 

CON BIT-0: 

STROBE* output control bit. 

0= STROBE* output is set to high state 

1= STROBE* output is set to low state 

CONBIT-1: 

AUTOFDXT* output control bit. 

0= AUTOFDXT* output is set to high state 

1 = AUTOFDXT* output is set to low state 

CON BIT-2: 

INIT output control bit. 

0= INIT output is set to low state 

1= INIT output is set to high state 

CONBIT-3: 

SLCTIN* output control bit. 

0= SLCTIN* output is set to high state 

1 = SLCTIN* output is set to low state 

CON BIT-4: 

Interrupt output control bit. 

0= INTP output is disabled (three state mode) 

1= INTP output is enabled 

CONBIT-5: 

I/O select. Direction of the PD7-PD0 can be selected 

by setting or clearing this bit. 

0= PD7-PD0 are set for output mode 

1= PD7-PD0 are set for input mode 

CON BIT 7-6: 

Not used. 



ALTERNATE FUNCTION REGISTER (AFR) 

This register En/Disables FIFO operation and pro- 
vides additional capabilities to control STROBE*. 
INTP* and change interrupt functions. 

AFR BIT 0-2: 

Timing select. 

The STROBE* delay and width can be controlled by 
these bits. 



AFR 


AFR 


AFR 


TSD 


TSW 


Bit-2 


Bit-1 


Bit-0 


(clocks) 


(clocks) 


1 








3 


2 


1 





1 


5 


4 


1 


1 





5 


4 


1 


1 


1 


9 


8 











6 


4 








1 


10 


8 





1 





10 


8 





1 


1 


18 


16 



AFRBIT-3: 

Interrupt source. 

0= ACK* input pin is selected as printer handshaking 
source 

1 = BUSY input pin is selected as printer handshaking 
source 

AFR BIT 4-5: 

Interrupt type. State of the INTP* output pin can be 
selected for one of the following options. 



Bit-5 


Bit-4 


INTP* output 


SR 


SR 








bit-0 


bit-6 








Normal mode 


1 


BUSY* 





1 


FIFO empty 


1 


FIFO empty 


1 





FIFO full 


1 


FIFO full 


1 


1 


FIFO empty 





FIFO empty 
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AFR BIT-6: 

INTP* output polarity. 

0= Normal. INTP* output follows the ACK* input 
1= Inverted INTP* output 

AFR BIT-7: 

FIFO enable / disable function. 

0= FIFO is disabled( default mode). The ST16C552 

compatible mode. 

1= FIFO is enabled. Internal 83 byte of FIFO is 
enabled. 

FIFO BYTE COUNT REGISTER (FBCR) 

State and content of the printer FIFO can be moni- 
tored by reading this register. 

FCBR BIT 0-6: 

FIFO byte count. Number of characters left in FIFO. 

FBCR BIT-7: 

FIFO state. 

0= FIFO is enabled 

1= FIFO is disabled 



I/O SELECT REGISTER 

Software controlled I/O select. 
Bi-directional mode can be selected by keeping the 
BIDEN input in high state and setting CON BIT-5 to 
"zero or one" 

Hardware/software I/O select. 
Bi-directional mode can be selected by keeping the 
BIDEN input in low state and setting I/O SELECT 
register to "AA" Hex for input or "55" Hex for output. 



ST16C553 EXTERNAL RESET CONDITION 



SIGNALS 


RESET STATE 


PD0-PD7 
STROBE* 
AUTOFDXT* 
INIT 

SLCTIN* 


Low, output mode 
High, output mode 
High, output mode 
Low, output mode 
High, output mode 



PARALLEL PORT DIRECTION SELECT REGISTER (WRITE ONLY) 



CONTROL REGISTER (D5) 


BIDEN 


I/O SELECT REGISTER 


PORT DIRECTION 


X 





AA Hex 


Input mode 


X 





55 Hex 


Output mode 





1 


X 


Output mode 


1 


1 


X 


Input mode 
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ST16C553 PRINTER PORT REGISTER CONFIGURATIONS 



A2A1 AO 


REGISTER 


D7 


D6 


D5 


D4 


lllllll 


D2 


D1 


DO 


X 


PR 


PD7 


PD6 


PD5 


PD4 


PD3 


PD2 


PD1 


PDO 


X 1 


STR 


BUSY*/ 
Alternate 
function 


ACK 


PE 


SLCT 


ERROR 


IRQ 


1 


1 


X 1 


I/O 


bit-7 


bit-6 


bit-5 


bit-4 


bit-3 


bit-2 


bit-1 


bit-0 


X 1 


COM 


1 


1 


1 


IRQ 
state 


SLCTIN* 


INIT 


AUTO- 
FDXT* 


STROBE* 


X 1 


CON 


1 


1 


I/O 
select 


IRQ 
mask 


SLCTIN* 


INIT 


AUTO- 
FDXT 


STROBE* 


X 1 1 


AFR 


FIFO 
enable 


INTP* 
polarity 


IRQ 
type 
bit-1 


IRQ 
type 
bit-0 


INTP* 
source 


TIMING 
select 
bit-2 


TIMING 
select 
bit-1 


TIMING 
select 
bit-0 


X 1 1 


FBCR 


FIFO* 
status 


FBC-6 


FBC-5 


FBC-4 


FBC-3 


FBC-2 


FBC-1 


FBC-0 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbot 


Parameter 




• 

Limits 




Units 


Conditions 






mm 


Typ 


Max 














I 1 


L/iociv nign puise uurauon 


on 






ns 




I 2 


oiocK low puise duration 


on 






ns 




1 3 


(~* 1 or* L' rico/foll timo 
L/IUOK. 1 loo/ldll III 1 ic 






I u 


ns 




To 
1 8 


onip seieci seiup lime 


c 






ns 




To 
1 9 


L/iiip seieci nolo lime 


U 






ns 




T^ 
I 11 


Ivrv IU UUIO Ucldy 






o^ 


ns 


"\ OH r\C I00H 

1 uu pr ludu 


T12 


Data setup time 


15 






ns 




Tl3 


Data hnlri timp 

L/aia muiu Liiiic 


1 5 






ns 




1 14 


IO\A/* Hfs 1 a\/ frnnri nhin coloot 
IUVV uciay IIUMI uinp OGIGVA 


1 n 

I u 






ns 




1 15 


IO\A7* ctrnhp width 

IvVV oil UUC WIUlll 








nc 
1 lo 




1 16 


Ohin cplppt hnlH timp from IO\A/* 

V^rMIU odC/lA MUIU IIMIC IIUMI IUVV 


n 






1 lo 




T17 


Write cycle delay 


55 






ns 




i w 


vviiit; uyuio— 1 15 T 1 17 


I uo 






ns 




Tl9 


riatfl hnlrt timp 

L/dld MUlvJ IMIICs 








1 lo 




1 21 


IUia UCIdy IIUMI uiiip OClCUl 


1 n 

I u 






ns 




Too 

1 23 


IVJK oil Quo WIUlll 


DO 






ns 




T24 


Chip select hold time from IOR* 









ns 




T25 


Read cycle delay 


55 






ns 




Tr 


Read cycle=T23+T25 


115 






ns 




T 26 


Delay from IOR* to data 






35 


ns 


100 pF load 


T28 


Delay from IOW* to output 






50 


ns 


1 00 pF load 


T29 


Delay to set interrupt from MODEM 
input 






70 


ns 


1 00 pF load 


Tso 


Delay to reset interrupt from IOR* 






70 


ns 


100 pF load 


T31 


Delay from stop to set interrupt 






1 Rclk 


ns 


1 00 pF load 


T32 


Delay from IOR* to reset interrupt 






200 


ns 


100 pF load 


T33 


Delay from initial INT reset to transmit 
start 


8 




24 


* 




T34 


Delay from stop to interrupt 






100 


ns 




T35 


Delay from IOW* to reset interrupt 






175 


ns 




T39 


ACK* pulse width 


75 






ns 




T40 


PD7 - PDO setup time 


10 






ns 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






iiitiii! 


Typ 


Max 
















T41 


PD7 - PDO hold time 


25 






ns 




T 42 


Delay from ACK* low to interrupt low 


5 






ns 




T43 


Delay from IOR* to reset interrupt 


5 






ns 




T44 


Delay from stop to set RxRdy 






1 RCLK 






T45 


Delay from IOR* to reset RxRdy 






1 


H-S 




T46 


Delay from IOW* to set TxRdy 






195 


ns 




T47 


Delay from start to reset TxRdy 






8 


* 




N 


Baud rate devisor 


1 




216-1 







Note 1 * = Baudout* cycle 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc-5.0 V ± 10% unless otherwise specified. 



oyiiiuui 


r dldlllcid 




Limits 




1 Irtitc 


*wUIIUIllUII«> 






Min 


Typ 


Max 
















VlLCK 


OlUUK. IlipUl IUW level 


-u.o 




n ft 
u.o 


V 




VlHCK 


Clock input high level 


o.U 




VL/U 


V 




VIL 


Input low level 


-u.o 




U.O 


V 




VlH 


Input high level 


o o 
Z.Z 




VL/O 


V 




VOL 


(Oi strvo it 1 r\\Aj 1 o\/o I 
WUlpUl IUW ItJVUl 








V 


IOL— D.U IIIM \-J I ~U\J 














Iol= 15mA PD7- 














PD0 














Iol= 6.0 mA on all 














other outputs 


VOH 


Output high level 


2.4 






V 


Ioh= -6.0 mA D7- 














D0 














Ioh= -12.0 mA 














PD7-PD0 














Ioh= -150 llA 














SLCTIN*. 














INIT*,STROBE*, 














AUTOFDXT* 














Ioh= -6.0 mA on all 














other outputs 


Ice 


Avg. power supply current 




12 


20 


mA 




IlL 


Input leakage 






±10 


\iA 


Exc„ pins 63, 65, 














66, 67, 68 


RlN 


Input pullup resistance 






11 


kQ 


Pins 63, 65, 66, 














67, 68 


Id 


Clock leakage 






±10 






RlN 


Internal pull-up resistance 


4 




15 


kQ 


*Marked pins 



This product can operate in 3.0 Volts environment. Please consult with factory for additional information. 
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GENERAL WRITE TIMING 



A0-A2 



CSx* 



IOW* 



D0-D7 




1 62450- WD-1 
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MODEM TIMING 




CLOCK TIMING 




N ►N = ■ N '° 

CLOCK PERIOD CLOCK PERIOD 161450-CK-1 
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CD 

V 



RECEIVE TIMING 



RX 



INTx 



IOR* 



START BIT 
H 



DO 



DATA BITS (5-8) 



D1 



D2 



D3 



D4 



D5 



D6 



5 DATA BITS 



6 DATA BITS 



-W 



STOP BIT 



7 DATA BITS 




PARITY BIT 



NEXT 

DATA 
START BIT 

<- T31 



I I 

T32 -W K- 




16 BAUD RATE CLOCK 



. H 

162450-RX-1 
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RXRDY TIMING FOR MODE "0" 



START BIT 
H 

K- 



RX 

(First byte) 



RXRDY* 



IOR* 



DATA BITS (5-8) 



STOP BIT 



;» 


D1 


D2 


D3 


D4 


D5 


D6 


D7 



















K- 



5 DATA BITS 




PARITY BIT 



6 DATA BITS 



7 DATA BITS 



Wt44 



I 



16552-RX-2 
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ST16C553 



CO 

O 

to 

CO 



RXRDY TIMING FOR MODE "1" 

START BIT 
H 

N 



DATA BITS (5-8) 



STOP BIT 



RX 



DO 



D1 D2 



D3 



D4 



D5 D6 



5 DATA BITS 




PARITY BIT 



H4- 



6 DATA BITS 



7 DATA BITS 



First byte that reaches 
the trigger level 



T44 



RXRDY* 



IOR* 



^ HT45 



16552-RX-3 
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TRANSMIT TIMING 



TX 



INTx 



IOW* 



START BIT 
H 



DATA BITS (5-8) 



STOP BIT 



DO 



\ 



D1 



D2 



D3 



D4 



D5 



D6 



D7 



5 DATA BITS 



H4- 



6 DATA BITS 



7 DATA BITS 



T33 



PARITY BIT 

I 



NEXT 
DATA 
START BIT 



-W W- T34 

1 I 



1/ 



T35 -N K- 



16 BAUD RATE CLOCK 



162450-TX-1 
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TXRDY TIMING FOR MODE M M 



TX 



lOW* 



D0-D7 



TXRDY* 



START BIT 
H 

H4- 



DATA BITS (5-8) 



STOP BIT 



\ 00 


D1 


D2 


D3 


D4 


D5 


D6 


07 



















\4- 





5 DATA BITS 



PARITY BIT 



6 DATA BITS 



7 DATA BITS 



T46 



-+\ |<- T47 



16552-TX-2 
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TXRDY TIMING FOR MODE 'T 



TX 



IO\AT 



D0-D7 



TXRDY* 



START BIT 
H 

\4~ 



DATA BITS (5-8) 



STOP BIT 



> 


D1 


D2 


D3 


D4 


D5 


D6 


D7 
















—i 



\4~ 



\4r 



\4r 



BYTE #16 




5 DATA BITS 



PARITY BIT 



6 DATA BITS 



7 DATA BITS 



T46 



-W |«- T47 



FIFO FULL 



16552-TX-3 
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PARALLEL PORT GENERAL WRITE TIMING 




SLCTIN* 16452-PW-1 
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GENERAL READ TIMING 



ACK* 



INT* 



IOR* 



INTSEL 



PD0-PD7 



1 T39 • 

w H 



T40 



T40 



NORMAL MODE 



T42 



T43 



INTERRUPT LATCHED MODE SELECT 



T41 



VALID DATA 



16452-PR-1 
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PRINTER SPECIAL MODE 



RESET 



INIT 



STROBE* 



FIFO 
RESET 



INIT LOW FORCES STROBE* HIGH 



0-2 CLOCK 



* 



1-2 CLOCK 



0-2 CLOCK 



DO-D7 



IOW* 



IOR* 



PDO-PD7 




16553-PW-1 
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PRINTER AUTO FIFO OPERATION 



RESET 



D0-D7 



PD0-PD7 



DATA-1 



DATA-2 



DATA-3 X DATA-4 



IOW* 



STROBE* 



ACK* 



FIFO EMPTY 



I 



FIFO EMPTY \4 ► 



FIFO EMPTY 



l<- FIFO mode entered after first STROBE* and ACK* 
| STROBE* generated internally 
INTP* generated internally 



16553-PW-2 
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PRINTER AUTO FIFO OPERATION 



RESET 



D0-D7 



PD0-PD7 



DATA-1 



DATA-2 



DATA-3 X DATA-4 



IOW* 



STROBE* 



ACK* 



FIFO EMPTY 



FIFO EMPTY \< > 



FIFO EMPTY 



FIFO mode entered after first STROBE* and ACK* 
STROBE* generated internally 
INTP* generated internally 



16553-PW-2 
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STARTECH ST78C34 

An EXfllRCompany Printed August 3, 1995 

GENERAL PURPOSE PARALLEL PRINTER PORT WITH 83 BYTE FIFO 



DESCRIPTION 



The ST78C34 is a monolithic Bidirectional Parallel 
port designed to operate as a general purpose I/O port. 
It contains all the necessary input/output signals to be 
configured as a CENTRONICS printer port. 
The ST78C34 is a general purpose input/output 
controller with 83 byte internal FIFO. FIFO operation 
can be enabled ordisabled. ForCENTRONICS printer 
operation, all registers are mapped to IBM printer port 
registers. 

The ST78C34 is designed to operate as normal 
printer interface without any additional settings. 
Contents of the FIFO will be cleared after reset or 
setting the INIT pin to a low state. The auto FIFO 
operation starts after the first ACK* is received from 
the printer. Contents of the Fl FO transfer to the printer 
at the printer loading speed. 



PLCC Package 




Plastic-DIP Package 



FEATURES 



• 83 bytes of printer output FIFO 

• Bi-directional software parallel port 
■ Bi-directional I/O ports 

' Register compatible to IBM XT, AT, compatible 
386, 486 

> Selectable interrupt polarity 

• Selectable FIFO interrupts 



ORDERING INFORMATION 



Part number 

ST78C34CJ44 

ST78C34IJ44 

ST78C34CP40 

ST78C34IP40 



Package Operating temperature 
PLCC 0° C to + 70° C 

PLCC -40° C to + 85° C 
Plastic-Dip 0° C to + 70° C 
Plastic-Dip -40° C to + 85° C 



ERROR 


□: 




~40] 


vcc 


SLCT 


[X 




~39] 


IOR* 


BUSY* 


□: 




~38l 


IOW* 


ACK* 








A1 


PE 






"361 


AO 


INTSEL 


nr 




~35~1 


A2 


D7 


LE 




3U 


PD7 


D6 


nr 




~33~1 


PD6 


D5 
D4 
D3 


DE 
Do: 
01 


8C34CP40 


~32l 
SI 
~30l 


PD5 
PD4 
PD3 


D2 


QI 


ST7 


"29] 


PD2 


D1 


DCl 


~28~1 


PD1 


DO 


DI 




~m 


PD0 


N.C. 






"26l 


GND 


INT 


Qe 




~m 


SLCTIN* 


XTAL1 


or 






INIT 


XTAL2 






"231 


AUTOFDX* 


CS* 


DE 




~22~1 


STROBE* 


GND 


[20 






RESET 



Rev. 1.0 
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BLOCK DIAGRAM 



D0-D7 
I OR* 
IOW* 
RESET 



A0-A2 
CS* 



INT 

INTSEL 




Printer 




Printer 






FIFO 


/°\ 


Data 


O 


PD0-PD7 


Registers 




Ports 







Printer 
Control 
Logic 



Clock 
& 

Timing 
Generator 



STROBE* 
INIT 

AUTOFDX* 
SELCTIN* 

PE, SELECT 

BUSY*ACK* 

ERROR 



XTAL2 



XTALI 
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SYMBOL DESCRIPTION 



Symbol 


Pin 
40 44 


Signal Type 


Pin Description 


ERROR 


1 


1 


I 


General purpose input or line printer error (active low). This 
is an output from the printer to indicate an error by holding 
it low during error condition. 


SLCT 


2 


2 


I 


General purpose input or line printer selected (active high). 
This is an output from the printer to indicate that the line 
printer has been selected. 


BUSY 


3 


3 


I 


General purpose input or line printer busy (active high). An 
output from the printer to indicate printer is not ready to 
accept data. 


ACK* 


4 


4 


I 


General purpose input or line printer acknowledge (active 
low). An output from the printer to indicate that data has 
been accepted successfully. 


PE 


5 


5 


I 


General purpose input or line printer paper empty (active 
high). An output from the printer to indicate out of paper. 


INTSEL 


6 


8 


I 


Interrupt select mode (pulled-up). The external ACK* can 
be selected as an interrupt source by connecting this pin to 
the VCC or left open. Connecting this pin to GND will set the 
interrupt to latched mode, reading the status register resets 
the INT output. 


D0-D7 


14-7 


16-9 


I/O 


Bi-directional data bus. Eight bit, three state data bus to 
transfer information to or from the CPU. DO is the least 
significant bit of the data bus. 


INT 


16 


19 


o 


Interrupt output (selectable active low or high). To signal the 
state of the printer port. This pin tracks the ACK* input pin, 
When ACK* is low INT is low and when ACK* is high INT is 
high if selected as active low interrupt. 


XTAL1 


17 


20 


I 


Crystal input 1 or external clock input. A crystal can be 
connected to this pin and XTAL2 pin to utilize the internal 
oscillator circuit. An external clock can be used to clock 
oscillator circuit. 


XTAL2 


18 


21 


o 


Crystal input 2 or buffered clock output. See XTAL1 . 
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SYMBOL DESCRIPTION 



Symbol 


Pin 
40 44 


Signal Type 


Pin Description 


CS* 


19 


22 


1 


Chip select (active low). A low at this pin enables the 
ST78C34 / CPU data transfer operation. 


GND 


20 


23 


O 


Signal and power ground. 


RESET 


21 


24 


1 


Master reset (active high). A high on this pin will reset all the 
outputs and internal registers. 


STROBE* 


22 


25 


I/O 


General purpose I/O or strobe output (open drain active 
low). To transfer latched data to the external peripheral or 
printer. 


AUTOFDXT* 


23 


26 


I/O 


General purpose I/O or line printer auto feed (open drain 
active low). To signal the printer for continuous form feed. 


INIT 


24 


27 


I/O 


General purpose I/O or line printer initialize (open drain 
active high). To signal the line printer to enter internal 
initialization routine. 


SLCTIN* 


25 


28 


I/O 


General purpose I/O or line printer select (open drain active 
low). To select the line printer. 


GND 


26 


30 





Power and signal ground. 


pnn PR7 
rUU-ru / 


27-34 


31-38 


l/vj 


Dl-UireCllOnal parallel pOliS Ulncc oldlcy. 1 U irdnolcl Uald 111 

or out of the ST78C34 parallel port. PD7-PD0 are latched 
during output mode. 


A2 


35 


39 


1 


Address line A2. To select internal registers. 


A0-A1 


36-37 


40-41 


1 


Address lines. To select internal registers. 


IOW* 


38 


42 


1 


Write strobe (active low). A low on this pin will transfer the 
contents of the CPU data bus to the addressed register. 


IOR* 


39 


43 


1 


Read strobe (active low). A low level on this pin transfers 
the contents of the ST78C34 data bus to the CPU. 


VCC 


40 


44 


1 


Power supply input. 
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PRINTER PORT PROGRAMMING TABLE: 



A1 


AO 


IOW* 


IOR* 








PORT REGISTER 


PORT REGISTER 





1 




STATUS REGISTER * 


1 





CONTROL REGISTER 


COMMAND REGISTER 


1 


1 


ALTERNATE FUNCTION REGISTER 


FIFO BYTE COUNT REGISTER 



* Reading the status register will reset the INT output. 



PRINTER FUNCTIONAL DESCRIPTION 

The ST78C34 parallel port is designed to operate as 
a normal CENTRONICS printer interface. The port 
contains 83 byte FIFO that may be enabled via bit-7 
of the Alternate Function Register (AFR). After reset, 
the FIFO is disabled and the part will function identical 
to the ST16C552. Once the FIFO is enabled via AFR 
bit-7, the port will enter FIFO mode after the first byte 
of data is strobed to the printer and the printer 
responds with either an ACK* or BUSY signal. 

The ST78C34 will remain in FIFO mode until the part 
is reset or INIT is brought low. While in FIFO mode, 
data transfer to the printer will be controlled by the 
printer without any user intervention. The printer port 
also contains a FIFO byte counter that maintains a 
count of the number of bytes remaining in the FIFO. 
The FIFO and the FIFO byte counter are cleared by a 
reset or by a change of state of the INIT pin. All FIFO 
related timing is derived from the clock input to pin 1 7 
of the part. 

A special parallel port write / read mode is activated 
when INIT is held low, either by writing a "0" to Control 
Register bit-2 or by forcing the INIT pin low. In this 
mode the FIFO read pointer is advanced by reading 
the parallel port instead of the ACK* or BUSY signals. 
The STROBE* output is forced high. This allows the 
user to perform parallel port write and read from 
operations without strobing data to the printer. 

Following an INIT, the parallel port will not be in the 



FIFO mode. Control Register bit-0 is used as the 
STROBE*, Status Register bit-7 is the inverse of the 
BUSY signal, and INT is derived from ACK*. The 
transition into FIFO mode will occur after the first 
STROBE* is generated and the printer responds with 
either an ACK* or BUSY. In FIFO mode, STROBE* is 
generated automatically and writing to Control 
Register bit-0 has no effect on STROBE*. Alternate 
Function Register bit 0-2 are used to control the delay 
and width of STROBE*. Handshaking between the 
printer and the ST78C34 may be controlled by bit-3 of 
the Alternate Function Register. Setting this bit to a "1 " 
will result in the use of BUSY instead of ACK* for FIFO 
reading and interrupt control. INT will transition low 
when a "1" is written to Control Register bit-0 and will 
transition high when a write to parallel port is 
performed. In FIFO mode, data transfer to the printer 
will be controlled by the printer and will occur at the 
printer's maximum data rate. 

The FIFO byte counter is incremented one count for 
each parallel port write and decremented one count 
for each FIFO read (data taken by printer). A FIFO 
read will be generated at the falling edge of either 
ACK* or BUSY. The byte counter will require two to 
three clock cycles to update. Hence, a read of FIFO 
Byte Count Register (FBCR) should only be 
performed a minimum of three clock after the falling 
edge of either ACK* or BUSY. The counter is reset 
whenever the FIFO is reset. If write to parallel port 
operation is attempted when the FIFO is full, the data 
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will not be written into the FIFO and the counter will not 
increment. 

Two interrupt modes are available and are selected 
with the INTSEL pin. If this pin is tied low, a latched 
interrupt will result. Inthismode, INT will transition low 
when a "1 " is written to Control Register bit-0. A reset 
or reading the Status Register will clear the interrupt. 
If INTSEL pin is tied high, INT will transition low when 
a "1" is written to Control Register bit-0 and will 
transition high when a write to the parallel port is 
issued. This (non-latched) interrupt signal is always 
available in Status Register bit-6 regardless of the 
state of the INTSEL pin. Status Register bit-2 will 
always contain the latched interrupt state. The polarity 
of the INT pin may be inverted by setting Alternate 
Function Register bit-6 high. 

The ST78C34 provides additional programmable 
interrupt output options by programming the Alternate 
Function Register bit 4-5. INT output can be selected 
as FIFO full or FIFO empty interrupt. 

REGISTER DESCRIPTIONS 

PORT REGISTER 

Bi-directional printer port. 

Writing to this register during output mode will transfer 
the contents of the data bus to the PD7-PD0 ports . 
Reading this register during input mode will transfer 
the states of the PD7-PD0 to the data bus. This 
register will be set to the output mode after reset. 

PR BIT 7-0: 

PD7-PD0 bi-directional I/O ports. 
STATUS REGISTER 

This register provides the state of the printer outputs 
and the interrupt condition. 

SR BIT 1-0: 

This bits are set to "1" normally except when AFR bit 
5-4 are both set to "1". 



SR BIT-2: 

Interrupt condition. 

0= an interrupt is pending 

This bit will be set to "0" at the falling edge of the ACK* 
input. 

1= no interrupt is pending 

Reading the STATUS REGISTER will set this bit to 
"1". 

SR BIT-3: 

ERROR input state. 

0= ERROR input is in low state 

1= ERROR input is in high state 

SR BIT-4: 

SLCT input state. 

0= SLCT input is in low state 

1= SLCT input is in high state 

SRBIT-5: 

PE input state. 

0= PE input is in low state 

1= PE input is in high state 

SR BIT-6: 

ACK* input state. 

0= ACK* input is in low state 

1= ACK* input is in high state 

SR BIT-7: 

BUSY or FIFO full signal. 

0= BUSY input is in high state 
1 = BUSY input is in low state 

FIFO is enabled. 
0= FIFO is full 

1= One or more empty locations in FIFO 
COMMAND REGISTER 

The state of the STROBE*, AUTOFDXT*, I NIT, 
SLCTIN* pins, and interrupt enable bit can be read by 
this register regardless of the I/O direction. 
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COM BIT-0: 

STROBE* input pin. 

0= STROBE* pin is in high state 

1= STROBE* pin is in low state 

COM BIT-1: 

AUTOFDXT* input pin. 

0= AUTOFDXT* pin is in high state 

1= AUTOFDXT* pin is in low state 

COM BIT-2: 

INIT input pin. 

0= INIT pin is in low state 

1= INIT pin is in high state 

COM BIT-3: 

SLCTIN* input pin. 

0= SLCTIN* pin is in high state 

1= SLCTIN* pin is in low state 

COM BIT-4: 

Interrupt mask. 

0= Interrupt (INT output) is disabled 
1= Interrupt (INT output) is enabled 

COM BIT 7-5: 

Not used. Are set to "1" permanently. 
CONTROL REGISTER. 

Writing to this register will set the state of the 
STROBE*, AUTOFDXT*, INIT, SLCTIN pins, and 
interrupt mask register. 

CON BIT-0: 

STROBE* output control bit. 

0= STROBE* output is set to high state 

1= STROBE* output is set to low state 

CON BIT-1: 

AUTOFDXT* output control bit. 

0= AUTOFDXT* output is set to high state 

1= AUTOFDXT* output is set to low state 



CON BIT-2: 

INIT output control bit. 

0= INIT output is set to low state 

1 = INIT output is set to high state 

CON BIT-3: 

SLCTIN* output control bit. 

0= SLCTIN* output is set to high state 

1= SLCTIN* output is set to low state 

CON BIT-4: 

Interrupt output control bit. 

0= INT output is disabled (three state mode) 

1= INT output is enabled 

CON BIT-5: 

I/O select. Direction of the PD7-PD0 can be selected 

by setting or clearing this bit. 

0= PD7-PD0 are set for output mode 

1= PD7-PD0 are set for input mode 

CON BIT 7-6: 

Not used. 

ALTERNATE FUNCTION REGISTER (AFR) 

This register En/Disables FIFO operation and 
provides additional capabilities to control STROBE*. 
INT and change interrupt functions. 

AFR BIT 0-2: 

Timing select. 

The STROBE* delay and width can be controlled by 
these bits. 



AFR 


AFR 


tilili 


TSD 


TSW 


Bit-2 


Bit-1 


liilii 


(clocks) 


(clocks) 


1 








3 


2 


1 





1 


5 


4 


1 


1 





5 


4 


1 


1 


1 


9 


8 











6 


4 








1 


10 


8 





1 





10 


8 





1 


1 


18 


16 
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AFR BIT-3: 

Interrupt source. 

0= ACK* input pin is selected as printer handshaking 
source 

1 = BUSY input pin is selected as printer handshaking 
source 

AFR BIT 4-5: 

Interrupt type. State of the INT output pin can be 
selected for one of the following options. 



ST78C34 EXTERNAL RESET CONDITION 



SIGNALS 


RESET STATE 


PD0-PD7 
STROBE* 
AUTOFDXT* 
INIT 

SLCTIN* 


Unknown, output mode 

High 

High 

Low 

High 



Bit-5 


Bit-4 


INT output 


111! 


SR 








Ill 


bit-6 








Normal mode 


1 


ACK* 





1 


FIFO empty 


1 


FIFO empty 


1 





FIFO full 


1 


FIFO full 


1 


1 


FIFO empty 





FIFO empty 



AFR BIT-6: 

INT output polarity. 

0= Normal. INT output follows the ACK* input 
1= Inverted INT output 

AFR BIT-7: 

FIFO enable / disable function. 

0= FIFO is disabled( default mode). 

1= FIFO is enabled. Internal 83 byte of FIFO is 

enabled. 

FIFO BYTE COUNT REGISTER (FBCR) 

State and content of the printer FIFO can be 
monitored by reading this register. 

FCBR BIT 0-6: 

FIFO byte count. Number of characters left in FIFO. 
FCRB bit-0 is the LSB bit of the counterand FCRB bit- 
6 is the MSB bit of the counter. 

FBCR BIT-7: 

FIFO state. 

0= FIFO is enabled 

1= FIFO is disabled 
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ST78C34 REGISTER CONFIGURATIONS 



Al AO 


REGISTER 


!!!!!!! 




D5 


D4 


D3 


D2 


IISHIS 


DO 





PR 


PD7 


PD6 


PD5 


PD4 


PD3 


PD2 


PD1 


PDO 


1 


STR 


BUSY*/ 
FIFO 
full* 


None 
Latched 
INT 


PE 


SLCT 


ERROR 


Latched 
INT 


1 


1 


1 


COM 


1 


1 


1 


INT 
enable 


SLCTIN* 


INIT 


AUTO- 
FDXT* 


STROBE* 


1 


CON 


X 


X 


I/O 
select 


INT 
mask 


SLCTIN* 


INIT 


AUTO- 
FDXT 


STROBE* 


1 1 


AFR 


FIFO 
enable 


INT 
polarity 


INT 
type 
bit-1 


INT 
type 
bit-0 


INT 
source 


TIMING 
select 
bit-2 


TIMING 
select 
bit-1 


TIMING 
select 
bit-0 


1 1 


FBCR 


FIFO* 
status 


FBC-6 


FBC-5 


FBC-4 


FBC-3 


FBC-2 


FBC-1 


FBC-0 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 


Units 


Conditions 






Min 


Typ 


Max 














Ti 


Clock high pulse duration 


50 






ns 




T 2 


Clock low pulse duration 


50 






ns 


External clock 


j 3 


V/IUUi\ llOvs/ICIII III IIC 






10 


ns 




Tb 


Chip select setup time 


5 






ns 




Tq 


Chip select hold time 









ns 




T12 


Data setup time 


15 






ns 




T13 


Data hold time 


15 






ns 




T14 


IOW* delay from chip select 


10 






ns 




Tl5 


IOW* strobe width 


50 






ns 




Tie 


Chip select hold time from IOW* 









ns 




T17 


Write cycle delay 


55 






ns 




Tw 


Write cycle=Ti5+Ti7 


105 






ns 




T39 


ACK* pulse width 


75 






ns 




T40 


PD7 - PDO setup time 


10 






ns 




T41 


PD7 - PDO hold time 


25 






ns 




T42 


Delay from ACK* low to interrupt low 


5 






ns 




T43 


Delay from IOR* to reset interrupt 


5 






ns 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 
















VlLCK 


Clock input low level 


-0.5 




0.6 


V 




VlHCK 


Clock input high level 


3.0 




VCC 


V 




VlL 


Input low level 


-0.5 




0.8 


V 




VlH 


Input high level 


2.2 




VCC 


V 




Vol 








0.4 


v 


lm = 6 mA D7-D0 














Iol= 15mA PD7- 














PD0 














Iol= 6.0 mA on all 














other outputs 


Voh 


Output high level 


2.4 






V 


Ioh= -6.0 mA D7- 














D0 














Ioh= -12.0 mA 














PD7-PD0 














Ioh= -150 LlA 














SLCTIN*, 














INIT*,STROBE*, 














AUTOFDXT* 














Ioh= -6.0 mA on all 














other outputs 


Ice 


Avg. power supply current 




12 


20 


mA 




IlL 


Input leakage 






±10 


\iA 


Except Pins 1-6 


IlL 


Input leakage 






-450 


\xA 


Pins 1-6 @ Vin=0V 


RlN 


Input pu Hup resistance 


12 




40 


kQ 


Pins 1-6 


ICL 


Clock leakage 






±10 


\iA 
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GENERAL READ TIMING 



ACK* 



INT* 



i T39 ; 



T40 



IOR* 



INTSEL 



PD0-PD7 



T40 



NORMAL MODE 



VALID DATA 



|4- T42 



T43 



INTERRUPT LATCHED MODE SELECT 



T41 



16452-PR-1 



CLOCK TIMING 



EXTERNAL 
CLOCK 




N : M ■ — * 

CLOCK PERIOD CLOCK PERIOD 161450-CK-1 
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PRINTER AUTO FIFO OPERATION 



RESET 



D0-D7 



PD0-PD7 



DATA-1 



DATA-2 



DATA-3 \ DATA-4 



IOW* 



STROBE* 



ACK* 



FIFO EMPTY 



FIFO EMPTY 



FIFO EMPTY 



FIFO mode entered after first STROBE* and ACK* 
STROBE* generated internally 
INTP* generated internally 



16553-PW-2 
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PRINTER FIFO TIMING WITH MORE THAN ONE BYTE IN THE FIFO 
ACK SELECTEDFOR FIFO OPERATION 



ACK* 



FIFO READ 
(INTERNAL) 



0-2 CLOCK r«->j 



3-6 CLOCKS k 



PD OUTPUT 
PORTS 



DATA 



STROBE* 

BUSY SELECTED FOR FIFO OPERATION 



BUSY 



2-4 CLOCK 




* * 



FIFO READ 
(INTERNAL) 



5-10 CLOCKS 



PD OUTPUT 
PORTS 



DATA 



STROBE* 



TSW 



DATA+1 



TSD 



TSW 



16553-PW-3 
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PRINTER FIFO, WITH ONE BYTE IN THE FIFO 



RESET 




\4 ^ 



TSD TSW 16553-PW-4 
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Preliminary 



STARTECH 1 Informadon ' ST78C36 

An 3^ EXflRCompany Printed August 3, 1995 

ECP/EPP PARALLEL PRINTER PORT WITH 16 BYTE FIFO 



DESCRIPTION 



The ST78C36 is a monolithic Parallel Port Interface 
for use with IBM PC compatible platforms. 

Operation as a standard Centronics printer port is the 
default, but software may re-configure the device to 
support bi-directional IBM PS/2 parallel port, En- 
hanced Parallel Port (EPP), orthe Extended Capabili- 
ties Port (ECP, as defined by Hewlett Packard and 
Microsoft) modes. 

The ECP modes are supported by a 16 byte FIFO that 
may be accessed by programmed I/O or DMA cycles. 



PLCC Package 



> H- o , 
* tn o dc o k> 5 



DRQ3 
DACK3 [IT 
D7 [IT 
D6 [jF 
D5 [IT 
D4 \V2_ 
D3 [jT 
D2 [IT 
D1 \j£ 
DO [Tef 
AEN* \j\T 



o 



ST78C36CJ44 



~39~| 


A2 


~38~] 


PD7 


It] 


PD6 


~x] 


PD5 


13 


PD4 


IB 


PD3 


"33] 


PD2 


"32~| 


PD1 


±D 


PDO 


"30] 


GND 


~29] 


A10 



FEATURES 



• IBM AT bus compatible 

• Bi-directional port capability 

• 16 byte FIFO for ECP modes 

• On-chip oscillator (ST78C36CQ64) 

• Software selectable Interrupt (5, 7, or 9) and 8-bit 
DMA channel (ST78C36CQ64) 



ORDERING INFORMATION 



Part number 

ST78C36CJ44 

ST78C36CQ64 



Package Operating temperature 
PLCC 0° C to + 70° C 

TQFP 0° C to + 70° C 



N.C. 


EE 


DACK2* 


[E 


DRQ3 


[E 


DACK3* 


ee 


D7 


EE 


D6 


EE 


D5 


[E 


D4 


EE 
EE 


D3 
D2 


CE 


D1 


ElL 


DO 


E« 


AEN 


EE 


IRQ9 


[E 


GND 


EE 


VCC 





o 



ST78C36CQ64 



Z] 

~45~| F 

44 I F 

jEl f 

~42~| F 

"40I F 

"39~1 F 

~~38~| F 



GND 
DACK1' 



jE x 

"34] t 
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Rev. 1.0 
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BLOCK DIAGRAM 



D0-D7 
IOR* 
IOW* 
RESET 



A0-A2 
A10 
CS* 
AEN 
IOR*, IOW* 

IRQx 
IOCHRDY* 
DRQx 
PDIR 

TC 

DACKx* 



1 ^ .Si 
^ & 

3^ 









ogic 








Printer 




Printer 






FIFO 


O 


Data 




PD0-PD7 


Registers 




Ports 







Printer 
Control 
Logic 



=> 



Clock 
& 

Timing 
Generator 



STROBE* 
INIT 

AUTOFDX* 
SELCTIN* 

PE, SELECT 
BUSY,ACK* 
ERROR* 



XTAL2 



XTAL1 
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SYMBOL DESCRIPTION 



Symbol 


Pin 
44 64 


Signal Type 


Pin Description 


DACK2* 




2 


1 


DMA Acknowledge for channel 2 (three stated active low). 


DRQ3 


7 


3 


O 


DMA Request for channel 3 (three stated active high). 


DACK3* 


8 


4 


1 


DMA Acknowledge for channel 3 (three stated active low). 


D7- DO 


9-16 


5-12 


I/O 


Data bus. Bi-directional data port. 


AEN 


17 


13 


1 


DMA address enable (active high). 


IRQ9* 


- 


14 


o 


Interrupt Request channel 9 (three stated active low). 






18 


o 


Intprrnnt Rpnnpct phannpl ^ fthrpp ctatpH flptiv/p Inw ^ 


IOCHRDY 


18* 


19* 





I/O Channel ready (three stated active low). This pin goes 
low when ST78C36 requires addition clock cycles for read 
and write. 


IRQ7* 


19 


20 


o 


Interrupt Request channel 7 (three stated active low). 


CLOCK 


20 




1 


Nominal 24 MHz timing input (44-pin package). 


XTAL1 


- 


21 


1 


Crystal oscillator input, nominal 24 MHz (64-pin package). 


XTAL2 




22 


o 


Crystal oscillator output, nominal 24 MHz (64-pin package). 


PDIR 


21 


23 


o 


Printer port direction indicator (1 -input, 0-output). 


CS* 


22 


24 


1 


Chip select (active low). A low at this pin enables the parallel 
port / CPU data transfer operation. 


RESET 


24 


26 


1 


System RESET ( active high ). 


STROBE* 


25 


27 


o 


Data strobe output (three stated active low). This output 
indicates to the printer that valid data is available at the 
printer port (PD0-PD7). 


AUTOFD* 


26 


28 


o 


Automatic line feed (three stated active low). When this 
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Symbol 


Pin 
44 64 


Signal Type 


Pin Description 










signal is low the printer should automatically line feed after 

lino io Y\r\ m\ csr\ 

cdcn line is pnnieu. 


INI 1 


27 


29 




1 nit iol'i7a lino r\ri nf Qr /{hroo otot^i/H o r^k \\ i a 1 r\\ a /\ lA/hon thio 
mllldllZt? llllc piinicf njHtJc bldlcU dUllVt; lOWy. VVilcil llllo 

signal is low, it causes the printer to be initialized. 


SLCTIN* 


28 


30 


o 


Line printer select (three stated active low). When this 

biyiidi io iuw, ii ocicuio nit; pi unci. 


Am 


29 


36 


1 


AHHtpcc cp|pr*t linp 10 nlappc thp F-C^P pnntrnl/Qtati ic/Hiatia 

ports at 400 hex offset from CS* decoded address. 


PDO - PD7 


31-38 


38-45 


I/O 


Bi-directional parallel ports (three state). To transfer data in 

nr nut nf thp ^TTHP^fi narallpl nnrt Pn7-Pn0 arp latrhprl 

Ul UUl Ul II I" O I I OUOU pel I dlld pui I. I LJ I f \-s\J dl C IdlOl ICU 

during output mode. Output only for SPP and PPF modes, 
bi-directional for all other modes. 


A? 


39 


46 


I 


AHHtpqq cplppt linp 9 

nUUICoo oCICUl IIIIC 


DACK1* 


- 


47 


1 


Active low AT bus DMA ACKnowledge for channel 1 . 


DRQ1 


- 


51 


o 


Active high AT bus DMA ReQuest for channel 1 . 


A0-A1 


40,41 


52,53 


1 


Address select line - 1 , used for register (port) selection. 


IOW* 


42 


54 


1 


Active low AT bus I/O Write strobe. 


IOR* 


43 


55 


1 


Active low AT bus I/O Read strobe. 


ERROR* 


1 


57 


1 


Line printer error (active low). This is an output from the 
printer to indicate an error by holding it low during error 
condition. 


SLOT 


2 


58 


1 


Line printer selected (active high). This is an output from the 
printer to indicate that the line printer has been selected. 


BUSY 


3 


59 


1 


Line printer busy (active high). An output from the printer to 
indicate printer is not ready to accept data. 


ACK* 


4 


60 


1 


Line printer acknowledge (active low). This input is pulsed 
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Symbol 


Pin 
44 64 


Signal Type 


Pin Description 










low by the printer to indicate that data has been accepted 
successfully. 


PE 


5 


61 


I 


Line printer paper empty (active high). An output from the 

nrintpr tn inHiffltp nut nf nar>pr 

pi II lid IU IMUIlsCHvs UUl vj 1 JJaJJCI. 


TC 


6 


62 


I 


Terminal Count (active high). The ST78C36 terminates the 
DMA channel when a high pulse is detected. 


DRQ2 




63 


O 


DMA Request for channel 2 (three stated active high). 


VCC 


44 


16,35, 
56 


I 


Supply power (+5 Vdc). 


GND 


23,30 


15,25, 
31,37, 
48, 64 


O 


Supply ground. 



OVERVIEW 

This device is designed around the Hewlett Packard/ 
Microsoft specification for Extended Capabilities Port 
Protocol with "ECR mode 100" defined as Enhanced 
Parallel Port (EPP) mode. The internal timing engines 
were designed around a 24 MHz reference, which can 
be supplied from an external source or by the built-in 
oscillator circuit (ST78C36CQ64 only) with an appro- 
priate crystal. 

At system RESET, the device defaults to standard 
IBM PC compatible Centronics printer mode (output 
only). The bi-directional PS/2, EPP, and ECP modes 
can only be activated by programming the ECR mode 
field (this requires address bit A1 = 1, which is outside 
the normal a three state state/ISA I/O space). 



Optional capabilities of the ECP specification are set 
as follows: 

• ECP defined interrupts are pulsed, low true 
(Centronics ACK* is non-pulsed, low true). 

• PWord size is forced to 1 byte. 

• There is 1 byte in the transmitter that does not affect 
the FIFO full bit (ECP modes). 

• RLE compression is not supported in hardware. 
•IRQ channel is selectable as 5, 7, or 9 

(ST78C36CQ64 only). 
•DMA channel is selectable as 1, 2, or 3 
(ST78C36CQ64 only). 

• FIFO THRESHOLD is set at 8 (used only for non- 
DMA access to the FIFO). 
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rUK 1 


Annoccc 


DAA/ 

K/W 


IvlUUt 


rUNt 1 lUlNi 


RATA 


nnn 
uuu 


DAA/ 
K/VV 


nnn nm 
UUU-UU i 


uaia Kegisier 


ECP-AFIFO 


000 


w 


011 


ECP FIFO (Address) 


DSR 


001 


R 


All 


Status Register 


DCR 


002 


R/W 


All 


Control Register 


EPP-APort 


003 


R/W 


100 


EPP Port (Address) 


EPP-DPort 


004-007 


R/W 


100 


EPP Port (Data) 


C-FIFO 


400 


W 


010 


Parallel Port Data FIFO 


ECP-DFIFO 


400 


R/W 


011 


ECP FIFO (Data) 


T-FIFO 


400 


R/W 


110 


Test FIFO 


Cnfg-A 


400 


R 


111 


Configuration Register A 


Cnfg-B 


401 


R-R/W 


111 


Configuration Register B 


ECR 


402 


R/W 


All 


Extended Control Register 



REGISTER DEFINITIONS 
DATA REGISTER (DATA ) 
DATA Bit 0-7: 

For host output cycles in SPP mode (ECR mode 000) 
or PS/2 mode (ECR mode 001), data from the host is 
registered at the trailing edge of IOW*. On host input 
cycles, data at the peripheral port is passed through to 
the host data bus. 



ECP FIFO ADDRESS ( ECP-AFIFO ) 
ECP-AFIFO Bit 0-7: 

This port is only available for programmed I/O (non- 
DMA), and only has significance for host write. Data 
written to this port is stored in the FIFO if FIFO-F = 
and will be lost if FIFO-F = 1 . A 9th FIFO bit (tag) is 
set low on write. 

A read from this port is the same as a read at 400. 



STATUS REGISTER ( DSR ) 

This status register is read-only except for bit-0, and all 
bits are latched for the duration of IOR*. 

DSR Bit-0: 

If EPP mode is not selected, this bit returns logic one. 



During EPP mode, bit-0 will return a high if the EPP 10 
^second TimeOut elapsed during the last EPP read or 
write cycle (this TimeOut also aborts the EPP cycle). 
This status bit is cleared by exiting EPP mode or by the 
host writing a high to bit-0 of this register. 

DSR Bit 1-2: 

Reserved, logic one. 

DSR Bit-3: 

The true state of the ERROR* pad. 
DSR Bit-4: 

The true state of the SLCT pad. 
DSR Bit-5: 

The true state of the PE(mpty) pad. 
DSR Bit-6: 

The true state of the ACK* pad. 
DSR Bit-7: 

The complement of the BUSY pad. 



CONTROL REGISTER ( DCR ) 
DCR Bit-0: 

The complement of this bit drives STROBE*, and the 
complement of the pad state is returned for read. 
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DCR Bit-1: 

The complement of this bit drives AUTOFD*, and the 
complement of the pad state is returned for read. 

DCR Bit-2: 

This bit drives INIT, and the pad state is returned for 
read. 

DCR Bit-3: 

The complement of this bit drives SLCTIN*, and the 
complement of the pad state is returned for read. 

DCR Bit-4: 

Ack Interrupt Enable set to a high will generate an 
interrupt when ACK* is low. When either returns to a 
high state, this interrupt source will go in-active. This 
interrupt is not pulsed. 

DCR Bit-5: 

Peripheral port direction, OUT = and IN = 1 . 
This bit is forced to logic zero by ECR modes 000 or 
01 0. It can be written only in ECR mode 001 , and will 
maintain that state if the ECR mode is changed to 01 1 , 
100, or 1 10. This bit must be set low for EPP mode, 
which allows the host to control direction with IOR*and 
IOW*. The final port direction also drives PDIR. 

DCR Bits 6-7: 

Reserved, logic zero. 



EPP ADDRESS PORT ( EPP-APort ) 

When EPP mode is enabled, a host read or write with 
this port will result in a data transfer directly to/from the 
peripheral with SLCTIN* active. Direction is set by 
host read/write and will drive STROBE* low during a 
write if DCR bit 5 (DIR) is not set high. 



EPP DATA PORT (EPP-DPort ) 

When EPP mode is enabled, a host read or write with 
this port will result in a data transferdirectly to/from the 
peripheral with AUTOFD* active. Direction is set by 
host read/write and will drive STROBE* low during a 
write if DCR bit 5 (DIR) is not set high. 



PARALLEL PORT DATA ( C-FIFO ) 

This port is available for programmed I/O and DMA 
access. Data written to this port is stored in the FIFO 
if FIFO-F = and will be lost if FIFO-F = 1 . 
Data written to this port will be automatically trans- 
ferred to the peripheral with STROBE* handshaking 
with BUSY. This port is only defined for write, host 
reads will interfere with FIFO read sequencing. 



ECP DATA FIFO ( ECP-DFIFO ) 

This port is available for programmed I/O and DMA 
access. Data written to this port is stored in the FIFO 
if FIFO-F = and will be lost if FIFO-F = 1 . A 9th FIFO 
bit (tag) is set high on write. 

Data read from this port will undergo de-compression 
if the FIFO tag bit and data bit- 7 are both low. The byte 
containing the RLE count is loaded into the RLE 
counter and the succeeding byte in the FIFO will be 
returned to the host RLE count + 1 times before the 
FIFO read address is incremented. If a FIFO under- 
run is incurred during host read, the last data byte is 
returned and FIFO-E remains coherent. 



TEST FIFO ( T-FIFO ) 

This port is available for programmed I/O and DMA 
access. Data written to this port is stored in the FIFO 
if FIFO-F = and will be lost if FIFO-F = 1 . During a 
read cycle from this port a FIFO under-run will return 
last data read and FIFO-E remains coherent. 



CONFIGURATION REGISTER A ( Cnfg-A ) 

This read-only register is available in ECR mode 1 1 1 
only. 

Cnfg-A Bit 0-1 : 

Forced to logic zero, this field is don't care for PWord 
= 1 byte. 

Cnfg-A Bit-2: 

When transmitting, there is 1 byte waiting to be 
transmitted that does not affect FIFO-F. 

Cnfg-A Bit-3: 

Reserved, logic zero. 
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Cnfg-A Bit 4-6: 

Indicates PWord = 1 byte (8- bit implementation). 
Cnfg-A Bit-7: 

Indicates ECP interrupts are pulsed. 



EXTENDED CONTROL REGISTER ( ECR ) 

The Extended Control Register has a system RESET 
state of 00010101. The significance of the bits is 
defined by the ECP specification as: 



CONFIGURATION REGISTER B ( Cnfg-B ) 

This register is available in ECR mode 1 1 1 only, and 
returns bits 0-5 as logic zero for the ST78C36CJ44. 
The ST78C36CQ64 will allow programmed selection 
of the Interrupt and DMA channels after a system 
RESET state of 001 01 1 (bits 0-5). 

Cnfg-B Bit 0-2: 

With bit 2 forced low, select an 8-bit DMA channel per 
the following table: 



IOW* 


IOR* 


DMA 


xoo 


000 


3 


X01 


001 


1 


X10 


010 


2 


X11 


011 


3 (default) 



Cnfg-B Bit 3-5: 

Select an IRQ channel per the following table: 



ECR Bit-0: 

This read-only bit returns FIFO empty status (FIFO-E) 
and is forced high unless PPF, ECP, or TST mode is 
selected. 

ECR Bit-1: 

This read-only bit returns FIFO full status (FIFO-F) 
and is forced low unless PPF, ECP, or TST mode is 
selected. 

ECR Bit-2: 

When low, this bit (Servicelntr) enables a pulsed 
interrupt and enables DMA requests if bit 3 is set. If the 
enabled interrupt occurs, this bit is automatically 
returned to a high. The interrupt conditions are: 



DMA 


DIR 


CONDITION 








8 empty bytes in the FIFO. 





1 


8 filled bytes in the FIFO. 


1 


X 


DMA Terminal Count (TC). 



IOW* 


IOR* 


11^ 


000 


001 


7 


001 


001 


7 (default) 


010 


010 


9 


011 


001 


7 


100 


001 


7 


101 


001 


7 


110 


001 


7 


111 


111 


5 



Cnfg-B Bit-6: 

Returns the true value of the selected IRQ pad. 



ECR BIT-3: 

This bit disables DMA when set low. When set high, 
a low on Servicelntr will enable DMA requests. 

ECR Bit-4: 

When low, this bit (ErrlntrEn*) enables a pulsed inter- 
rupt if ERROR* (Fault*) is low. The interrupt is only 
enabled in ECP mode. 

ECR Bit 5-7: 

This field can be set to any value if the current value 
is 000 or 001 . If the current value is not 000 or 001 , 
then the field can only be written to 000 or 001 . The 
modes are defined as: 



Cnfg-B Bit-7: 

Indicates RLE compression is not supported. 
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MODE 


NAME 


DESCRIPTION 


000 


SPP 


Standard, output only. 


001 


PS2 


Bi-directional parallel port. 


010 


PPF 


FIFOed, output only. 


011 


ECP 


ECP FIFOed port with RLE 






de-compression. 


100 


EPP 


EPP mode. 


101 




reserved 


110 


TST 


FIFO test mode. 


111 


CFG 


Configuration register en- 






able. 



the FIFO with I/O writes to address 000, 400 or DMA; 
PDIR is driven by DIR (can only be set in ECR mode 
001); AUTOFDMNIT, and SLCTIN* are totem-pole. I/ 
O writes to address 000 will write a low into the FIFO 
tag bit, while I/O writes to address 400 or DMA will 
insert a high. 

ECP FORWARD MODE (PDIR = 0) 

FIFO data is automatically registered to PD[7:0] 
whenever the FIFO-E bit is low (data available), and 
timing is generated by controller logic that hand- 
shakes STROBE* (controller) with BUSY (peripheral). 
Data from the Fl FO tag bit is output on AUTOFD* after 
being registered simultaneous with FIFO data. 



OPERATION 
SPP MODE 

This is ECR mode 000 (system RESET mode). 
In this output-only mode the host data is registered to 
PD[7:0] at the trailing edge of IOW*; PDIR is driven 
low; STROBE*, AUTOFD*, INIT, and SLCTIN* are 
open-drain; and all timing is managed by the host 
through DSR and DCR registers. 

PS2 MODE 

This is ECR mode 001. 

In this bi-directional mode the host output data is 
registered to PD[7:0] at the trailing edge of IOW*, 
PDIR is driven by DIR to allow peripheral data input, 
AUTOFD*, INIT, and SLCTIN* are totem-pole, and all 
timing is managed by the host through DSR and DCR 
registers. 

PPF MODE 

This is ECR mode 010. 

In this output-only mode the host data is written to the 
FIFO with I/O writes to address 400 or by DMA writes; 
PDIR is driven low*; AUTOFD*, INIT, and SLCTIN* 
are totem-pole. 

FIFO data is automatically registered to PD[7:0] 
whenever the FIFO-E bit is low (data available), and 
timing is generated by controller logic that hand- 
shakes STROBE* (controller) with BUSY (peripheral) . 

ECP MODE 

This is ECR mode 011. 

In this bi-directional mode the host data is written to 



ECP REVERSE MODE (PDIR = 1) 

PD[7:0] data and BUSY are latched into the FIFO and 
tag bit respectively at the trailing edge of AUTOFD* if 
FIFO-F = 0. Timing is generated by controller logic 
that handshakes ACK* (peripheral) with AUTOFD* 
(controller). 

EPP MODE 

This is ECR mode 100. 

In this bi-directional mode, I/O writes will latch host 
output data at the trailing edge of IOW*, and periph- 
eral input data will be latched at the trailing edge of 
SLCTIN* or AUTOFD*. PDIR, and STROBE* are 
driven by the state of IOW* (DCR bits 5 and must be 
set low); AUTOFD*, INIT, and SLCTIN* are totem- 
pole. 

EPP mode allows buffered access between the PC 
bus and the peripheral with timing provided by the 
peripheral via BUSY handshake into IOCHRDY. I/O 
cycles with address 003 - 007 will immediately drive 
IOCHRDY low. STROBE* will go low and PD[7:0] is 
allowed to change (write cycles) after BUSY has been 
low for at least 60n second, (this delay may have 
elapsed prior to cycle initiation), immediately followed 
by a low driven on SLCTIN* for address 003 or 
AUTOFD* (DATASTB*) for address 004 - 007 (read 
and write cycles). When BUSY returns high for a 
minimum of 60n second, IOCHRDY and the active 
strobe will be driven high - allowing the host to 
complete the I/O transaction. 
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To prevent a system stall, a 10 fisecond TimeOut 
aborts the cycle if it expires before BUSY returns high. 
This TimeOut also sets bit of DCR, which is cleared 
by disabling EPP mode or writing a high to DCR bit 0. 

TST MODE 

This is ECR mode 110. 

This mode allows data to be transferred (read or write 
in any direction) between the FIFO and host at address 
400 or DMA without activating the control interface (no 
data is transferred to/from the peripheral). PDIR is 
driven by DIR (can only be set in ECR mode 001); 
AUTOFD*, INIT, and SLCTIN* are totem-pole. 

Performing I/O cycles in this mode allows software to 
test for the value of FIFOThreshold (FT) for both 
output and input directions. 

CFG MODE 

This is ECR mode 111. 

This mode enables I/O access to the configuration 
registers cnfgA and cnfgB and disables I/O access to 
the FIFO. 

IRQ 

The module has four sources of interrupt which may 
be directed to IRQ5*, IRQ7*, IRQ9* (see cnfgB) or 
externally jumpered. 

1) When DCR bit 4 (AIE) is high and ACK* is low the 
interrupt is active. 

2) When ECP mode is active, if ECR bit 4 is low when 
ERROR transitions low or ECR bit 4 transitions low 
when Fault* is low an interrupt pulse of at least 200n 
seconds will be generated. 

3) In FIFO modes (PPF, ECP, or TST) with ECR bit 3 
(DMA) low, an interrupt pulse of at least 200n seconds 
will be generated when ECR bit 2 (SI) is set low if there 
are at least 8 empty bytes in the FIFO and PDIR = 
orthere are at least 8 filled bytes in the FIFO and PDIR 
= 1 . This interrupt will automatically disable itself by 
setting ECR bit 2 high. 

4) In FIFO modes (PPF, ECP, or TST) with (DMA 
request enabled), an interrupt pulse of at least 200n 
seconds will be generated when TC is received if 



PDACK* is low. 

This interrupt will automatically disable itself and the 
DMA request by setting ECR bit 2 high. 

DMA 

DMA cycles occur only between the host and the FIFO 
data port (address 400) for PPF, ECP, or TST modes. 
The selected DRQ(1 , 2, or 3) will be driven high if ECR 
bit 3 (DMA) is high and ECR bit 2 (SI) is low when 
{PDIR = and FIFO-F = 0} or {PDIR = 1 and FIFO-E 
= 0} or TST mode is active. 

When the selected DACK*(1 , 2, or 3) is low, IOW* will 
transfer host data to the FIFO and IOR* will transfer 
FIFO data to the host. 

The selected DRQ will be driven low to terminate the 
DMA channel when {PDIR = and FIFO-F = 1} or 
{PDIR = 1 and FIFO-E = 1 } or ECR bit 2 (SI) goes high 
(interrupt condition 4 above) or more than 32 consecu- 
tive DMA data cycles (read or write) have occurred. 

FIFO-F and FIFO-E terminated cycles will automati- 
cally restart when theirstate returns low. Consecutive 
cycle termination will automatically restart because 
the counter is reset when the selected DACK* goes 
high. TC terminated cycles can only be restarted by 
the host setting ECR bit 2 (SI) low again. 

RLE 

The module does not support RLE compression (indi- 
cated by the "0" in cnfgB bit 7) but is required to support 
RLE de-compression. 

The host may send compressed data to the peripheral 
by writing the RLE length byte (bit 7 = 0) to address 000 
(NOTE: DMA cannot be used for this byte) which will 
place a zero into the FIFO tag bit. This must be 
followed immediately by the data byte being written to 
the FIFO at address 400. These bytes will be trans- 
ferred to the peripheral in the normal manner. 

De-compression takes place if PDIR = 1 when data is 
read from the FIFO at address 000, 400 or DMA. 
When a byte is read from the FIFO, bits 0-6 (length) 
are placed in a counter if data bit-7 and the FIFO tag 
bit are both low. The subsequent byte in the FIFO 
(data) is presented to the host count + 1 times before 
the FIFO read pointer is advanced. 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














VILCK 


Clock Input Low level 


-0.5 




0.6 


V 




VIHCK 


Clock Input High level 


3.0 




VCC 


V 




VIL 


Input Low level 


-0.5 




0.8 


V 




VIH 


Input High level 


2.0 




VCC 


V 




VOL 


Output Low level 






0.4 


V 


Except PDIR 
IOL=24 mA 


PDIR 


IOL=4 mA 












VOH 


Output High level 


2.4 






V 


Except PDIR 
IOH=-12 mA 


PDIR 


IOH=-1 mA 












ICC 


Avg. power supply current 




TBD 


TBD 


mA 




IIL 


Input leakage 






10 


\iA 




ICL 


Clock leakage 






10 


\iA 





NOTE: Hewlett Packard / Microsoft compliance testing requires all ECP mode drivers to be push-pull and that 
they have an impedance controlled series resistor of at least 20 Ohms and that the typical on resistance of the 
combination of the driver-resistor pair is in the 45-65 Ohm range. 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 
Typ 


Max 


Units 


Conditions 


TRRQ 


DRQx inactive delay from DACK*x 
active 






100 


S 




TASU 


AEN setup to command active 


40 






S 




TAH 


AEN hold from command inactive 


10 






s 




TCMD 


Command width 


150 






s 




TACC 


Data access from IOR* active 






100 


s 




TDSU 


Data setup to IOW* inactive 


40 






s 




TDH 


Data hold from command inactive 


10 






s 




HOST 


DMA TIMING 












TPDD 


PD7-0, STROBE*, AUTOFD*, INIT, 
SLCTIN* delay from IOW* inactive 






100 


s 




TIRQ 


interrupt delay from ACK* 






60 


s 




TPW 


Interrupt pre-charge pulse at release 






10 


s 




TDS 


PD7-0 setup to STROBE* active 




600 




s 




TWS 


STROBE* width 




600 




s 




TDH 


PD7-0 hold from STROBE* inactive 




450 




s 


1 


THS 


STROBE* active to BUSY active 
(handshake) 






500 


s 




TDD 


PD7-0 hold from BUSY inactive 




80 




s 


1 


TCD 


BUSY inactive to STROBE* active 
(cycle delay) 




680 




s 




TDS 


PD7-0, AUTOFD* setup to STROBE* 
active 







60 


s 


3 


T1 


STROBE* inactive to BUSY inactive 









s 




T2 


BUSY inactive to STROBE* active 




80 


200 


s 


1,2 


T3 


STROBE* active to BUSY active 









s 




T4 


BUSY active to STROBE* inactive 




80 


180 


s 


2 


TDH 


PD7-0, AUTOFD* hold from BUSY 
active 




80 


180 


s 


1,2,3 


TDS 


PD7-0, BUSY setup to ACK* active 









s 


3 


T1 


ACK* inactive to AUTOFD* active 




80 


200 


s 


2 


T2 


AUTOFD* active to ACK* active 









s 




T3 


ACK* active to AUTOFD* inactive 




80 


200 


s 


1,2 


T4 


AUTOFD* inactive to ACK* inactive 









s 




TDH 


PD7-0 data hold from AUTOFD* 









s 




TAS 


Host address setup to IOW* active 




40 




s 




TAH 


Host address hold from IOW* active 




10 




s 




TDS 


Host data setup to IOW* active 







20 


s 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



oymDOl 


Parameter 




Limits 




Units 


Conditions 






Mm 


Typ 


Max 














TRW 


Host data hold from IOW active 




n 
U 




o 
o 




TBSY 


IOW* active to IOCHRDY low 







20 


s 




Tr\r\ 


hjw active to ru/-u vaiia 




n 
U 


cn 
OU 


o 
o 




TWPD 


WAIT* active to PDIR change 






10 


s 




TUT 

1 n 1 


luunKUY nign to nost terminate 
(IOW* inactive) 




■\ n 
I U 




o 
o 




i LfU 


IOW* inactive to Host command active 
(IOW* or IOR*) 




4U 




o 
o 




TPDW 


PDIR Inw tn WRITF* artivp 




n 




o 




TP\A/ 
1 rVV 


luurirvu T pio-oridryc wiuiii ai release 






1 n 
I u 


Q 
O 




1 L/VVO 


WAIT* artix/o tn AHRDQTR*/ 
VVnl 1 dCllvo 10 MUUrxO 1 D / 

HATAQTR* antix/o 

Ur\ i mo i d active 




fin 


I 7 


Q 
O 


i 


T\AAA/ 

1 WW 


\A/A IT* artix/o tn XA/RITP* r>hanno 

wmi i active to vvrci i tz cnange 




DU 


I 00 


Q 
O 


i 


T\A/nn 

i vvun 


XA/AIT* antix/o tn DH7 O rhonno 

w/\i i aciive to ru /-u cnange 




fin 

DU 


1 /in 

1 4U 


O 




1 r\L/ T 


XA/AIT* inantix/o tn IOPWRDiV hinh 

Wni i inactive to iv-JL/nrcu t nign 




fin 

DU 


I 00 


Q 
O 


1 


TXA/Q 
1 WO 


XA/AIT* inontix/o tn AHRDQTR*/ 

vvmi i inactive to auuko i d / 
DATASTB* inactive 




fin 

DU 


1 00 


Q 
O 


1 


TQ\A/n 
1 OVVU 


AnnDQTR*/nATAQTD* inontiw^i tn 

auuko i d /da i Ao 1 15 inactive to 
WAIT* active 




n 
U 




Q 
O 




TSW 


ADDRSTRVnATA^TR* artivp tn 

WAIT* inactive 




n 
u 


10 






TTO 


If'lXA/* cjntix/o tn XA/AIT* inemtix/o 
lUVV dOllVo IU VVnl 1 INdUllVc 

(Time Out) 




1 n 
I u 


I Z 






TAS 


Host address setup to IOR* active 




40 




s 




TAU 

1 An 


Host address hold from IOR* active 




4 n 
10 




o 




TDS 


Host data setup to IOR* inactive 







20 


s 




TDH 


Host data hold from IOR* inactive 









s 




TBSY 


IOR* active to IOCHRDY low 







20 


S 




TACC 


ADDRSTB*/DATASTB* active to 









S 




TDD 


PD7-0 valid to D7-0 valid 







75 


S 




TWPD 


WAIT* active to PDIR change 
PD7-0 valid 




60 


150 


S 


1 


THT 


IOCHRDY high to Host terminate 
(IOR* inactive) 




10 




S 




TCD 


IOR* inactive to Host command active 
(IOW* or IOR*) 




40 




s 




TPW 


IOCHRDY pre-charge width at release 






10 


s 





4-33 



ST78C36 

to 

CO 

O ; 

00 
N- 
h- 
</) 

AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














TDWS 


WAIT* active to ADDRSTB*/ 
DATASTB* active 







175 


S 




TWW 


WAIT* active to WRITE* change 







140 


S 


2 


TWDH 


WAIT* active to PD7-0 change 




60 


160 


s 


1 


TRDY 


WAIT* inactive to IOCHRDY high 




60 


160 


s 


1 


TWS 


WAIT* inactive to ADDRSTB*/ 
DATASTB* inactive 




60 


160 


s 


1 


TSWD 


ADDRSTB*/DATASTB* inactive to 
WAIT* active 









s 




TSW 


ADDRSTB7DATASTB* active to 
WAIT* inactive 







10 


v& 




TTO 


IOR* active to WAIT* inactive 
(Time Out) 




10 


12 


MS 
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ECP MODE ( MODE 01 1, DATA MODE OPERATION, OUTPUT DIRECTION) 
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IOW* 



P 



DATA-1 



DATA-2 



DATA-N / 

L- 



DATA-16 



STROBE* 



/ 



o a 



BUSY 



o o 



AUTOFDX* 



DRQ 



DACK* 



TC 



/I 



/ V 



IRQ 



P-ECP 
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ECP MODE ( MODE Oil, COMMAND MODE OPERATION OUTPUT DIRECTION ) 



D0-D7 



P 



DATA-2 



DATA-16 



STROBE* 



BUSY 



o 



DRQ 



DACK* 



/ V 



J- 



TC 



IRQ 
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ECP MODE ( MODE 01 1, DATA DECOMPRESSION, INPUT DIRECTION ) 
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RLE DATA-M 



O G 



AUTOFDX* 



O 



D0-D7 



DATA-M 



IOR* 



IRQ 



AT LEAST 8 CHARACTERS IN THE FIFOQ " 



P-RLE 
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PS2 MODE (MODE 001) 



D0-D7 



DATA-1 



DATA-2 



DATA-3 



DATA-IN 



IOW* 



PD0-PD7 



DATA-1 



DATA-2 



DATA-3 



DATA-IN 



STROBE* 



C) 

± 



BUSY 



ACK* 



IRQ 



DIR 







IOR* 



P-PS2 
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PPF MODE ( MODE 000, FIFO'S ARE SET FOR OUTPUT DIRECTION ONLY ) 
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DATA-N 



P 



BUSY 



DRQ 



2fL 



IRQ 
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EPPMODE (MODE 100, WRITE ADDRESS, OUTMODE ) 



9 



o. 



\ 



\0' 

_LL 



cr 



/ \ V D AT A-l V 



4> \ P 
\ X — (J 



IOCHRDY* 



cr 
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STANDARD CENTRONIC MODE ( MODE 000 ) 
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D0-D7 



DATA-1 



DATA-2 



DATA-3 



DATA-4 



IOW* 



PD0-PD7 



DATA-1 



DATA-2 



DATA-3 



DATA-4 



STROBE* 



C) 
/ 



BUSY 



ACK* 



>0 
/ 



IRQ 



P-EPP 
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ECP MODE ( MODE 01 1, DATA MODE OPERATION INPUT DIRECTION ) 



PD0-PD7 
ACK* 

AUTOFDX* 
BUSY 
D0-D7 
IOR* 
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STANDARD CENTTtONIC MODE ( MODE 000 ) 
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D0-D7 



DATA-1 



DATA-2 



DATA-3 



DATA-4 



IOW* 



PD0-PD7 



DATA-1 



DATA-2 



DATA-3 



DATA-4 



STROBE* 



() 



BUSY 



ACK* 



/ 



IRQ 



P-SPP 
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EPP MODE ( MODE 100, WRITE DATA, OUTMODE ) 



AUTOFDX* 



Q 



PD0-PD7 



DATA-1 



DATA-2 



STROBE* 



a 



BUSY 



a' 



cr 



D0-D7 



DATA-1 



DATA-2 



IOW* 



G. 







IOCHRDY* 



. \ 



P-EPPIE 
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EPP MODE ( MODE 100, WRITE ADDRESS, OUTMODE ) 



SLCTIN* 



Q 



PD0-PD7 



r 

DATA-l ' 



STROBE* 



Q 



BUSY 



D0-D7 



\ DATA-l 



IOW* 



6 



IOCHRDY* 



o' 



3 
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0> 



DATA-2 



DATA-2 



P-EPPIC 
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EPP MODE ( MODE 100, DATA READ, INPUT MODE ) 



AUTOFDX* 



9 



— o 



PD0-PD7 



DATA-1 



DATA-2 



BUSY 







D0-D7 



IOR* 



6 



I DATA- 1 



o 



DATA-2 



IOCHRDY* 



P-EPPID 
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EPP MODE ( MODE 100, ADDRESS READ, INPUT MODE ) 



SLCTIN* 



P 



PD0-PD7 



DATA-1 



BUSY 



D0-D7 



i DATA-1 



IOR* 



6 



Q 



IOCHRDY* 
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H 

00 
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DATA-2 



DATA-2 



P-EPPIA 
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m> STARTECH ST84C01 

An HP EJWRCompany Printed Au ^ st 3 > 1995 

INFRARED ENCODER AND DECODER 



DESCRIPTION 



The ST84C01/02 is a single channel Infrared encoder 
and decoder, designed for wireless peripheral com- 
munications. It meets the standard IrDa specification 
for wireless applications. The ST84C01 is offered with 
standard and programmable custom frequencies. The 
ST84C01 can interface directly to ST16C450 and 
ST16C550 products. 

ST84C01/02 is designed in a 1 .2\x process to achieve 
115.2k baud transmission rate. 



Plastic-DIP Package 



16XBAUD |_1 

RX or 

IRRX nr 

GND Q~ 



8j VCC 
~T\ TX 
~6~1 IRTX 
~5~l RESET 



FEATURES 



• Selectable transmit/receive bit rate 

• Low power single 5V CMOS technology 

• 8, 14 pin DIP or SOIC package. 

• Crystal oscillator circuit on board 



EXCLK \T\ 
RX [X 
IRRX [X 
GND [jF 



~8~| VCC 
~T1 TX 
~6~1 IRTX 
~5l RESET 



ORDERING INFORMATION 



Part number 

ST84C01CP8 

ST84C01CF8 

ST84C01CP14 

ST84C01CF14 

ST84C02CP8 

ST84C02CF8 



Package Operating temperature 



Plastic-DIP 
SOIC 
Plastic-Dip 
SOIC 

Plastic-DIP 
SOIC 



0° 
0° 
0° 
0° 



+70° 
+70° 
+70° 
+70° 



° C to +70° 
0° C to +70° 



bclk rr 




~14~1 A3 


xtali nr 




~13l VCC 


XTAL2 \JT 


1 


~12l TX 


RX 


o 


~rn irtx 


IRRX [IT 


i 


~To1 reset 


GND 




~9~1 A2 


AO [X 




~8l A1 



Rev. 1.0 



4-49 



ST84C01 

O 

O 

00 

I- 

(0 

BLOCK DIAGRAM 



XTAL1/ 
EXCLK/ 
16XBAUD 

XTAL2 

A0-A3 



Clock 
& 

Baud Rate 
Generator 



Transmit 

Pulse 
Converter 



Receive 
Pulse 
Converter 



C=3 

=> 



1RTX 
TX 

RESET 

IRRX 
RX 
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SYMBOL DESCRIPTION 



Symbol 


Pin 
8 14 


Signal Type 


Pin Description 


BCLK 


- 


1 


o 


Buffered clock output. To drive external UART clock. 


XTAL1 


1 


2 


I 


Crystal or External Clock input. A crystal can be connected 
to this pin and XTAL2 pin to generate internal reference 
clock. For external clock application, XTAL2 is left open or 
used as buffered clock output. 


XTAL2 


_ 


3 


o 


Crystal clock output. 


RX 


2 


4 


o 


Receive data output. Standard UART data output for 8 bits 
wide word with 1 start and stop bits recovered from IRRX 
receive data. 


IRRX 


3 


5 


I 


Infrared receive data input. 


GND 


4 


6 


o 


Supply ground. 


AO 




7* 


I 


Address select 0. To select the internal preprogrammed 
data rates. 


A1 




o* 

o 


I 


Address select 1 . To select the internal preprogrammed 
data rates. 


A2 




9* 


I 


Address select 2. To select the internal preprogrammed 
data rates. 


RESET 


5 


10 


I 


Ppqpt in nut fartivp hinh^ To rp^pt infprnal roiintprc rp- 

ceiver and transmitter. 


IRTX 


6 


11 


o 


Infrared transmit data output. Converted standard UART 8 
bits wide word with 1 start and stop bit to IrDa specified 
pattern. 


TX 


7 


12 


I 


Transmit data input. Standard UART data input for 8 bits 
wide word with 1 start and stop bits. 


VCC 


8 


13 


I 


Positive supply input. 


A3 




14* 


I 


Address select 3. To select the internal preprogrammed 
data rates. 
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SYMBOL DESCRIPTION 



Symbol 


Pin 
S 14 


Signal Type 


Pin Description 


16XBAUD 


1 




I 


16 X BAUD rate clock input (ST84C01). User selectable 
transmit and receive data rates. This pin can be connected 
to ST16C450/550 baud-out pin. 



* Have internal pull-up resistors 



DATA RATE SELECTION TABLE 



A3 


A2 


A1 


AO 


BAUD 


DIVISOR 










RATE 







1 





1 


600 


192 





1 


1 





1200 


96 





1 


1 


1 


2400 


48 













3600 


32 










1 


4800 


24 







1 





7200 


16 







1 


1 


9600 


12 




1 








19.2 k 


6 




1 





1 


38.4k 


3 




1 


1 





57.6k 


2 




1 


1 


1 


115.2k 


1 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



H 
00 
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DC ELECTRICAL CHARACTERISTICS 



T A =0 - 70° C, VCC=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 
















VlL 


Input low level 






0.8 


V 




VlH 


Input high level 


2.0 






V 




Vol 


Output low level 






0.5 


V 


Iol= 6.0 mA 


Voh 


Output high level 


2.8 






V 


Ioh = 6.0 mA 


IlL 


Input low current 






-100 


liA 


Pin 3 only 


llH 


Input high current 






1 


liA 


VIN=Vcc Pin 3 


Ice 


Operating current 




1 


1.2 


mA 


No load. 


RlN 


Input pull-up resistance 


35 


50 


65 


kQ 





AC ELECTRICAL CHARACTERISTICS 

T A =0 - 70° C, VCC=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 


Min 


Limits 
Typ 


Max 


Units 


Conditions 










Ti 
T2 


CLOCK rise time 
CLOCK fall time 




1.5 
1.5 


CM CM 


ns 
ns 


0.5V - 2.8V 
2.8V - 0.5V 
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INFRARED TRANSMIT TIMING 



CO l 



UART Frame 
- Data Bits - 



TX 



IRTX 



1 







1 1 



Bit Time 



3/16 Bit Time 



Q. 
O 




1/2 Bit Time 



INFRARED RECEIVE TIMING 



IRRX — ' 



RX 



i Bit Time 



55 i 







Data Bits 



UART Frame 



i i 

I I; 



_0-1 16x clock 
delay 



1 1 



1 

Q. 
O 

55 



16650-IR-1 
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fi^ STARTECH ST84C72 

An EXflRCompany Printed August 3, 1995 



IDE INTERFACE WITH I/O DECODE 



DESCRIPTION 



The ST84C72 is designed to replace ail necessary 
TTL logics for 1 6 bit IDE interface and decode logic for 
floppy controller and serial / parallel I/O ports. A select 
pin is provided to select primary or secondary address 
for hard and floppy decodes. On board crystal oscilla- 
tor circuit provides 16, 9, and 1.8461 MHz clock 
outputs for some floppy controllers and uart from 48 
MHz external crystal connected to ST84C72. 



PLCC package 

SI I I 8 § I § 8 1 § I § § 8 I § § 

ao [7r 

vcc [TT 

A2 n? 



FCOEN* [l£ 

Ar QT 
xtali fiT 

XTAL2 [W 
GNO [17 
CLK16 [»[ 
CLK9j8 [fT 
FOR* 

FCS' [jsT 

for* [aT 

IOCS16' [Is" 
HBEN* [»[ 



o 



ST84C72CJ68 



FEATURES 



• Low power CMOS design 

• Direct bus connect 

• Replacement for more than 7 TTL parts 

• High speed for new design 

•Selectable I/O decode ports. ( COM1-COM4, 
LPT1-LPT2) 

• Floppy address decode 

• Pin selectable primary and secondary address 
decodes 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST84C72CJ68 PLCC ° C to +70 ° C 



Rev. 1.0 
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SA0SA10 



SALE 
SAEN* 



SD0SD7 



SIOR*,SIOW* 



XTALl 

XTAL2 
SRESET* 



O 



Clock 

A — & 

Timing 
Generator 



.£* 

35 SS S 

oo vo vc 

^ o; ^ 



I/O 
Decode 
L ogics 



IDE 
Interface 
Logic 



Floppy 
Interface 
Logic 



o 



LPT1-LP2 

COM1-COM4 

HIBEEN* 

WEN 

IDEEN* 
FDCEN* 

BD0-BD7 

A0-A2 

IOR*,IOW* 
ALE 

IDE0* f IDEl* 

BD0-BD7 

FOR* 
FCR* 
FCS* 
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SYMBOL DESCRIPTION 10 



Symbol 


Pin 


Signal Type 


Pin Description 


SA0-SA2 


28-30 


I 


Host address lines A0-A2. 


SA3-SA9 


33-40 


I 


Host address lines A3-A9. 


SA10 


43 


I 


Host address line A10. 


SALE 


32 


I 


Host address latch enable (active high). 


SAEN* 


42 


I 


Host address enable (active low). All decoded addresses 
are valid when SAEN* is low. 


SIOW* 


41 


I 


Host I/O write signal input (active low). Buffered data bus 
(BD7-BD0) are gated with SIOW*, SIOR* and I/O decoded 
addresses to insure proper valid data time slots. 


SIOR* 


40 


I 


Host I/O read signal input (active low). Buffered data bus 
(B07-BD7) are gated with SIOR*, SIOW* and I/O decoded 
addresses to insure proper valid data time slots. 


SD0-SD7 


46-53 


I/O 


Host data bus. 


SRESET* 


55 


I 


Host system reset (internally pulled up, active low). This pin 
is used to set internal clock dividers to known state. For 
normal operation this pin should be left open or connected 
to VCC. 


XTAL1 


17 


I 


Crystal or external clock input. A crystal can be connected 
between XTAL1 and XTAL2 with some additional filters to 
generate 48 Mhz clock frequency for floppy controller and 
UART clock . This pin can be connected to VCC or GND if 
CLK16, CLK9.6 and CLK1.8 are not used. 


XTAL2 


18 


o 


Crystal output. This pin should be left open if external clock 
is used to connect to XTAL1 or clock is not used. 


LPT1* 


58 


o 


Line printer enable (active low). Primary printer enable 
signal. Decoded for address 378 Hex (LPT1). 


LPT2* 


60 


o 


Line printer enable (active low). Secondary printer enable 
signal. Decoded for address 278 Hex (LPT2). 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


COM1* 


67 


o 


Serial communication select pin (active low). Decoded 
for3F8Hex(COM-1). 


COM2* 


65 


o 


Serial communication select pin (active low). Decoded 
for2F8Hex(COM-2). 


COM3* 


63 


o 


Serial communication select pin (active low). Decoded 
for 3E8 Hex (COM-3). 


COM4* 


61 


o 


Serial communication select pin (active low). Decoded 
for2E8Hex(COM-4). 


CLK1.8 


56 


o 


1 .8461 Mhz clock output generated from 48 Mhz crystal 
(crystal frequency or external clock divide by 26). This 
clock can substitute the standard 1 .8432 Mhz serial 
communication clock. 


IOEN 


45 


I 


Serial and parallel port access. Connecting this pin to pin 
44 (RDOUT) of the ST16C452, ST16C552, orST16C553 
enables the BD0-BD7 to access the serial and parallel 
ports. This pin should be tied to GND if external serial/ 
parallel ports are not used. 


FDCEN* 


15 


I 


Floppy controller enable/disable (internally pulled up). 
Floppy controller select is disabled when this pin is left 
open or connected to VCC. Floppy controller can be 
selected when this pin is connected to host SA7 pin 
(primary selection address 3F7, 3F5, 3F4 and 3F2 Hex) 
or A7* output pin of the ST84C72 (secondary selection 
address 377, 375, 374 and 372 Hex). 


FOR* 


22 


o 


Floppy controller address decode (372/3F2 Hex). 


FCS* 


23 


o 


Floppy controller address decode (377/3F7 Hex). 


FCR* 


24 


o 


Floppy controller address decode (374-5/3F4-5 Hex). 


CLK16 


20 





16 Mhz clock output generated from 48 Mhz crystal ( 
crystal frequency or external clock divided by 3). 
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Symbol 


Pin 


Signal Type 


Pin Description 


CLK9.6 


21 


o 


9.6 Mhz clock output generated from 48 Mhz crystal (crystal 
frequency or external clock divide by 5). 


IOCS16* 


25 


I 


IDE 16 bit data transfer enable (internally pulled up, active 
low). This pin enables the external 74LS245 bus driver 
(HIBEN*) when IDE port is selected and 16 bit data transfer 
is required. 


IDEEN* 


14 


I 


IDE Enable/Disable (internally pulled up). IDE select is 
disabled when this pin is left open or connected to VCC. IDE 
controller can be selected when this pin is connected to A7* 
output pin of the ST84C72 (primary selection address 3F0- 
3F7 and 1 FO-1 F7 Hex) or host address line SA7 (secondary 
selection address 370-377 and 170-1 77Hex). 


IDE1* 


4 


o 


IDE drive/register select-1 (active low). When IDEEN* is 
enabled via SA7, this pin is enabled when I/O port address 
3F6 or 3F7 Hex is accessed. When IDEEN* is enabled via 
A7* pin, IDE1 * is enabled when I/O port address 376 or 377 
Hex is accessed. 


IDEO* 


1 





IDE drive/register select-0 (active low). When IDEEN* is 
enabled via SA7, this pin is enabled when I/O port address 
1 F0-1 F7 Hex is accessed. When IDEEN* is enabled via A7* 
pin, IDEO* is enabled when I/O port address 1 70-1 77 Hex is 
accessed. 


HIBEN* 


26 


o 


High order data bus enable. This pin enables the external 
74LS245 data buffer (host SD8-SD15) when IOCS16* is 
active and IDE port is selected. 


A0-A1 


11-10 


o 


Buffered host addresses AO and A1 . 


A2 


13 


o 


Buffered host address A2. 


A7* 


16 


o 


Inverted host address line SA7. This pin is used to primary 
IDE and floppy controller. 


BD3-BD0 


5,2,68,66 


I/O 


Buffered LSB of low order host data bus (SD0-SD3). These 
bits are set to input mode when SIOW* is low. 
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Symbol 


Pin 


Signal Type 


Pin Description 


BD4-BD6 


64,62,59 


I/O 


Buffered MSB of low order host data bus (SD4-SD6). These 
bits are set to inout mode when SIOW* is low 

%Jl lO CIIW Owl Iv II Ik/14 1 1 1 IVvJv ff 1 Ivl 1 wIVwV Iw 1 Vy TV • 


BD7 


57 


I/O 


Buffered host data bit -7 (SD7). This bit goes to high 
impedance when address 3F7 or 1F7 Hex is accessed 
during I/O read operation. BD7 is set to input mode when 
SIOW* is low. 


ALE 


9 


o 


Buffered host address latch (SALE). 


IOR* 


8 





Buffered host I/O read signal (HIOR*). 


IOW* 


7 





Buffered host I/O write signal (HIOW*). 


GND 


6,19,31,54 





Signal and power ground. 


VCC 


3,12,27,44 


I 


Power supply input. 



Optional external filter. 



1M 
LI 



-CI 
"lOpf 



~47pF 
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ABSOLUTE MAXIMUM RATINGS 



Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 



7 Volts 

GND-0.3 V to VCC+0.3 V 
0° C to +70° C 
-40° C to +150° C 
500 mW 
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DC ELECTRICAL CHARACTERISTICS 

T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














VlLCK 


Clock input low level 


-0.5 




0.6 


V 




VlHCK 


Clock input high level 


3.0 




VCC 


V 




VlL 


Input low level 


-0.5 




0.8 


V 




VlH 


Input high level 


2.2 




VCC 


V 




Vol 


Output low level on all outputs 






0.4 


V 


Iol= 16 mA 


Voh 


Output high level 


2.4 






V 


Ioh= -16 mA 


Ice 


Avg power supply current 






15 


mA 




IlL 


Input leakage 






±10 


\xA 




ICL 


Clock leakage 






±10 
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STARTECH / ™ mmkM ' ST88C870 

An Xf EXARCompany Printed August 3, 1995 

INTEGRATED DTMF RECEIVER 



DESCRIPTION 



The ST88C870 is a complete DTMF receiver integrat- 
ing both the bandsplit filter and digital decoder func- 
tions. The filter section uses switched capacitor 
techniques for high and low group filters; the decoder 
uses digital counting techniques to detect and decode 
all 16 DTMF tone pairs into a 4-bit code. External 
component count is minimized by on chip provision of 
a differential input amplifier, clock oscillator and 
latched three state bus interface. 



SOIC Package 







~18] VCC 


in- \jr 




171 SI/GT 


GC DT 


00 
1 — 


"161 ETD 


VREF [jT 


70CF 


~15~l VTD 


td \jr 


F88C8 


141 D3 


PD [IT 


131 D2 


XTAL1 CT 


CO 


12] D1 


XTAL2 [IT 




111 DO 


gnd nr 




Ibl OE 



FEATURES 



► complete DTMF Receiver 
» Low power consumption 

' Internal gain setting amplifier 

► Adjustable guard time 

• Central office quality 

► Power-down mode 

► Inhibit mode 

• Pin-To-Pin and functional compatible with Mitel 
MT8870 



Plastic Dip Package 







18] VCC 


IN- [X 




"171 SI/GT 


GC [IT 
VREF QT 


0CP18 


l6l ETD 
151 VTD 


TD [H 


oo 
O 


1T1 D3 


PD [~6~ 


00 
00 


13] D2 


xtali rr 


V) 


"121 D1 


XTAL2 




in do 


GND |~9~ 




lol OE 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST88C870CP18 Plastic-DIP 0° C to + 70° C 
ST88C870CF18 SOIC 0° C to + 70° C 

'Industrial operating range are available. 



Rev. 1.0 
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SYMBOL DESCRIPTION 



Symbol 


Pin 


Signal Type 


Pin Description 


IN+ 


1 


I 


Non-Inverting Op-Amp input. 


IN- 


2 


I 


Inverting Op-Amp input. 


GC 


3 


I 


Gain adjustment. Op-Amp output of front end differential 
amplifier for connection of feedback resistor. 


Vref 


4 


O 


Reference Voltage Output, Nominally set to half supply 
voltage, is used to bias inputs at mid-rail 


TD 


5** 


I 


Tone disable. Logic high inhibits the detection of tones 
representing characters A, B, C and D. 


PD 


6** 


I 


Power Down (active high). Powers down the device and 
inhibits the oscillator. 


XTAL1 


7 


I 


Crystal oscillator, or External clock input pin. A 3.579545 
MHz crystal connected between XTAL1 and XTAL2 com- 
pletes the internal oscillator circuit. 


XTAL2 


8 





Crystal oscillator output pin. 


GND 


9 


o 


Supply ground pin. 


OE 


10* 


I 


Output Enable (active high). To enable / disable the D0-D3 
outputs. 


D0-D3 


11-14 


o 


Data outputs. When enabled by OE, provide the code 
corresponding tothe last validtone pairreceived. When OE 
is low, the data outputs are three stated. 


VTD 


15 


o 


Valid Tone detection signal. Presents a logic high when a 
received tone pair has been registered and the output latch 
updated, returns to Logic low when the voltage on SI/GT 
falls below Vtst. 


ETD 


16 


o 


Early Tone detection. Presents a logic high once the digital 
algorithm has detected a valid tone pair. Any momentary 
loss of signal condition will cause ETD to return to a logic 
low. 
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Symbol 


Pin 


Signal Type 


Pin Description 


SI/GT 


17 


I/O 


Steering Input / Guard time (Output) Bidirectional. A volt- 
age greater than Vtst detected at SI causes the device to 
register the detected tone pair and update the output latch. 
A voltage less than Vtst frees the device to accept a new 
tone pair. The GT output acts to reset the external steering 
time constant; its state is a function of ETD and the voltage 
on SI. 


VCC 


18 


I 


Most positive power supply. Typically 5 Volts. 



* = Internal pull-up resistor 
** = Internal pull-down resistor 



FILTER SECTION 

Separation of the low group and high group tones is 
achieved by applying the DTMF signal to the inputs of 
two sixth-order switched capacitor bandpass filters, 
the bandwidths of which correspond to the low and 
high group frequencies. The filter section also incor- 
porates notches at 350 and 440 Hz for exceptional dial 
tone rejection. Each filter output is followed by a single 
order RC smoothing filter section which smoothes the 
signals prior to limiting. Limiting is performed by high 
gain compactors which are provided with hysteresis to 
prevent detection of unwanted low level signals. The 
outputs of the compactors provide full rail logic swings 
at the frequencies of the incoming DTMF signals. 

DECODER SECTION 

Following the filter section is a decoder employing 
digital counting techniques to determine the frequen- 
cies of the incoming tones and to verify that they 
correspond to standard DTMF frequencies. A com- 
plex averaging algorithm protects against tone simu- 
lation by extraneous signals such as voice while 
providing tolerance to small frequency deviations and 
variations. This averaging algorithm has been devel- 
oped to ensure an optimum combination of immunity 



to talk-off and tolerance to the presence of interfering 
frequencies and noise. 

When the detector recognizes the presence of two 
valid tones (this is referred to as the "signal condition" 
in some industry specifications) the ETD output will go 
to an active state. Any subsequent loss of signal 
condition will cause ETD to assume an inactive state. 




NNN NNN NN NN 

XXX XII II II 

O O N O (N r- O) (D N CO 
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CO ^ CO N- 00 CD (N 00 ^ CO 



5-6 



ST88C870 



c/> 

H 

00 
00 

O 

00 

o 



FUNCTIONAL DECODING TABLE: 



KEY 


OE 


CE 


ETD 


D3 


D2 


Dl 


DO 


FL 


FH 


ANY 


L 


X 


H 


Z 


z 


z 


z 






1 


H 


X 


H 











1 


697 


1209 


2 


H 


X 


H 








1 





697 


1336 


3 


H 


X 


H 








1 


1 


697 


1477 


4 


H 


X 


H 





1 








770 


1209 


5 


H 


X 


H 





1 





1 


770 


1336 


6 


H 


X 


H 





1 


1 





770 


1477 


7 


H 


X 


H 





1 


1 


1 


852 


1209 


8 


H 


X 


H 













852 


1336 


9 


H 


X 


H 










1 


852 


1477 





H 


X 


H 







1 





941 


1209 




H 


X 


H 







1 


1 


941 


1336 


# 


H 


X 


H 




1 








941 


1477 


A 


H 


X 


H 




1 





1 


697 


1633 


B 


H 


X 


H 




1 


1 





770 


1633 


C 


H 


X 


H 




1 


1 


1 


852 


1633 


D 


H 


X 


H 














941 


1633 


A 
B 
C 


H 
H 
H 
H 


H 
H 
H 
H 


L 
L 
L 


The output code will 
remain the same as the 


D 


L 


previous detected code. 



STEERING CIRCUIT 

Before registration of a decoded tone pair, the re- 
ceiver checks for a valid signal duration (referred to as 
character recognition condition). This check is per- 
formed by an external RC time constant driven by 
ETD. A logic high on ETD causes Vex (Fig. 1 ,2) to rise 
as the capacitordischarges. Provided signal condition 
is maintained (ETD remains high) for the validation 
period (T12) Vex reaches the threshold (ETD) of the 
steering logic to register the tone pair, latching its 
corresponding 4-bit code into the output latch. At this 
point the GT output is activated and drives Vex to Vcc. 
GT continues to drive high as long as ETD remains 
high. Finally, after a short delay to allow the output 
latch to settle, the delayed steering output flag STD 
goes high, signaling that a received tone pair has been 
registered. 



The contents of the output latch are made available on 
the 4-bit output bus by raising the three state control 
input (OE) to a logic high. The steering circuit works 
in reverse to validate the interdigit pause between 
signals. Thus, as well as rejecting signals too short to 
be considered valid, the receiver will tolerate signal 
interruptions too short to be considered a valid pause. 
This facility, together with the capability of selecting 
the steering time constants externally, allows the 
designer to tailor performance to meet a wide variety 
of system requirements. 

GUARD TIME ADJUSTMENTS 

In many situations not requiring selection of tone 
duration and interdigit pause, the simple steering 
circuit shown in is applicable. 

Component values are chosen according to the for- 
mula: 

T14 = T12 + T4 
T16 = T13 + T5 

T4 = (RpCx) Ln [VCC / (VCC-Vcx)] 
T5 = (R1Cx) Ln (VCC / Vex) 
Rp = (R1R2) /(R1+R2) 

• Decreasing T4 ( T4 < T5 ) Fig. 2 

• Decreasing T5 ( T4 > T5 ) Fig. 1 



[ VCC 



i si/gt : 



Rl < R2 < 
Rx <f Rx < 



Figure 1. 
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Rl \ R2 < 
Rx < Rx < 



ETD > - 



Figure 2. 



The value of T1 2 is a device parameter and T1 4 is the 
minimum signal duration to be recognized by the 
receiver ( see timing diagram). A value for C of 0. 1 \xF 
is recommended for most applications, leaving R to be 
selected by the designer. 

Different steering arrangements may be used to se- 
lect independently the guard times for tone present 
(T4) and tone absent (T5). This may be necessary to 
meet system specifications which place both accept 
and reject limits on both tone duration and interdigit 
pause. Guard time adjustment also allows the de- 
signer to tailor system parameters such as talk off and 
noise immunity. Increasing T14 improves talk-off 
performance since it reduces the probability that tones 
simulated by speech will maintain signal condition 
long enough to be registered. Alternatively, relatively 
short T14 with a long T17 would be appropriate for 
extremely noisy environments where fast acquisition 
time and immunity to tone drop-outs are required. 

POWER DOWN MODE 

A logic high applied to PD will power down the device 
to minimize the power consumption in a standby 
mode. It stops the oscillator and the functions of the 
filters. 



DIFFERENTIAL INPUT CONFIGURA- 
TION 

The input arrangement of the ST88C870 provides a 
differential input operational amplifier as well as a bias 
source (Vref) which is used to bias the inputs at mid 
rail. Provision is made for connection of a feedback 
resistor to the op-amp output (GC) for adjustment of 
gain. In a single ended configuration, the input pins are 
connected as shown in Figure 4 with the op-amp 
connected for unity gain and Vref biasing the input at 
VCC/2. 

Figure 6 shows the differential configuration, which 
permits the adjustment of gain with the feedback 
resistor R3. 




Figure 3. 



R4 = ( R3R5 ) / ( R3+R5 ) 
Voltage gain = R3 / R2 



Zin = 2V R2 2 + (1 / WC ) 2 



Inhibit mode is enabled by a logic high input to the TD. 
It inhibits the detection of tones representing charac- 
ters A, B, C, and D. The output code will remain the 
same as the previous detected code. 



CRYSTAL OSCILLATOR CIRCUIT 

The internal clock circuit is completed with the addi- 
tion of an external 3.579545 MHz crystal and is 
normally connected as shown in Figure 4 (Single- 
Ended Input Configuration). However it is possible to 
configure several ST88C870 devices employing only 
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a single oscillator crystal. The oscillator output of the 
first device in the chain is coupled through a 30pF 
capacitor to the oscillator input (XTAL1) of the next 
device Figure 5. Subsequent devices are connected 
in a similar fashion. The problems associated with 
unbalanced loading are not a concern with the ar- 
rangement shown, i.e., precision balancing 
capacitors are not required. 



CRYSTAL OSCILLATOR SPECIFICA- 
TIONS 

F = 1 / ( 2jt V ( L1 C1 ) 

L1 m 0.532 mH 

C1 « 4.984 pF 

R1 « 10.752 Q 

CO = 38 pF 

Q = 896 




Figure 5. 



D- 



< ETD 



Sl/GT 
VTD 



Figure 4. 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 7 Volts 

Voltage at any pin GND-0.3 V to VCC+0.3 V 

Operating temperature 0° C to +70° C 

Storage temperature -40° C to +150° C 

Package dissipation 500 mW 



DC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














VlLCK 


Clock input low level 


-0.5 




0.6 


V 




VlHCK 


Clock input high level 


3.0 




VCC 


V 




VlL 


Input low level 


-0.5 




0.8 


V 




VlH 


Input high level 


2.2 




VCC 


V 




Vol 


Output low level on all outputs 






0.4 


V 


Iol= 6 mA 


VOH 


Output high level 


2.4 






V 


Ioh= -6 mA 


Ice 


Avg. power supply current 




5 


10 


mA 




ISTD 


Standby current 




10 


25 






IlL 


Input leakage 






±10 


jxA 




ICL 


Clock leakage 






±10 


[iA 




RllL 


Input leakage current 




0.1 




^A 




lup 


Input pull-up current 




10 


20 


[iA 




Idn 


Input pull-down current 




15 


40 


fxA 




RlN 


Input impedance 




10 




MQ 




VVT 


Threshold voltage 


2.2 


2.4 


2.5 


V 




Vref 


Vref output voltage 


2.3 


2.5 


2.7 


V 




Vr 


Vref output resistance 




1 




kQ 
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AC ELECTRICAL CHARACTERISTICS 



T A =0° - 70° C, Vcc=5.0 V ± 10% unless otherwise specified. 



Symbol 


Parameter 




Limits 




Units 


Conditions 






Min 


Typ 


Max 














Ti 


Input clock frequency 




3.5795 




MHz 




T2 


Input clock duty cycle 


40 


50 


60 


% 




Ta 


Clock rise/fall time 






110 


ns 




Te 


Propagation delay SI to D0-D3 




8 


16 


^s 




T7 


Propagation delay D0-D3 to STD 




8 


16 


fxs 




Ts 


Power down time 




20 




ms 




T 9 


Power up time 




30 




ms 




T10 


Propagation delay SI to STD 




12 


16 


[IS 




T12 


Tone present detect time 


5 


11 


14 


ms 




T13 


Tone absent detect time 


0.5 


4 


8.5 


ms 




Tu 


Tone duration accept 






40 


ms 




Tl5 


Tone duration reject 


20 






ms 




T16 


Interdigit pause accept 






40 


ms 




T17 


Interdigit pause reject 


20 






ms 




T19 


Propagation delay 




8 


16 


JXS 




T21 


Output data setup time 




3.4 




[AS 




T22 


Propagation delay OE to D0-D3 
disable 




50 




ns 




T23 


Propagation delay OE to D0-D3 
enable 




300 




ns 





*NOTES 

1. dBm= decibels above or below a reference power of 1 mW into a 600 ohm load. 

2. Digit sequence consists of all DTMF tones. 

3. Tone duration=40 ms.tone pause=40ms. 

6. Signal condition consists of nominal DTMF frequencies. 

5. Both tones in composite signal have an equal amplitude. 

6. Tone pair is deviated by ±1 .5% ±2 Hz. 

7. Bandwidth limited (3 kHz) Gaussian noise. 

8. The precise dial tone frequencies are (350 Hz and 400 Hz) ±2 %. 

9. For an error rate of better than 1 in 10,000. 

10. Referenced to lowest level frequency component in DTMF signal. 

11. Referenced to the minimum valid accept level. 

12. Guaranteed by design and characterization. 
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TONE 
EVENT 



;ti5 



T14 



T16 



T17, 





TONE n 




TONE n*1 




TONE n«-1 













ETD 



SI/GT 



D0-D3 



STD 
OUTPUT 



n 



T4 W— *j j^i T5 



Vtst 



I 



i 



-*T6 



DECODED TONE n-1 



DECODED 
TONE n 



T10 H- 



^ 11 k— H T23 

zTL' 



T22 



DECODED 
TONE n+1 



OE 
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\ Preliminary \ 

^S^STARTECH ' Information < ST56CXXX 

An TIS? EXARCompany Printed August 3, 1995 

ADVANCED HIGH PERFORMANCE SUPER-I/O CONTROLLER 



DESCRIPTION 



The ST56C5XX is an advanced high performance 
super-l/O controller, designed to replace the IDE 
controller, four Floppy controllers, two serial 
ST16C550 UART's with advanced Microsoft/Hewlett 
Packard ECP, IBM EPP printer port and game port. 
The ST56C5XX utilizes digital phase locked loop for 
the floppy controller section to eliminate the external 
components ( except the main crystal ). The 
ST56C5XX is optimized for mother board applications 
as well as controller board applications. ST56C5XX 
provides high ESD circuits on the printer data bus and 
I/O to prevent damage caused by the printer being 
powered when the ST56C5XX is not powered. 



FEATURES 



• Licensed CMOS WD37C65C floppy controller. 

• Supports vertical recording format 

• 100% IBM compatible 

• 48 mA drivers and schmitt Trigger inputs. 

• DMA enable logic 

• FDC primary and secondary address selection 

• Two 16C550 serial ports 

• Microsoft/Hewlett Packard Bi-directional ECP paral- 
lel port 

• IBM EPP (Enhanced Printer Port) 

• 16 bit IDE interface and decode logic 

• Game port 

• 100 pin TQFP and QFP packages 

• Low power CMOS 1 2\x technology 



ORDERING INFORMATION 



Part number Package Operating temperature 

ST56CXXXCQ1 00 QFP 0° C to + 70° C 

ST56CXXXCTQ1 00 TQFP 0° C to + 70° C 
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0Z3& \ Preliminaiy \ 

STARTECH ' Momation ' ST16C554E 

An 2E* EXARCompany Printed August 3, 1995 

QUAD ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs 



DESCRIPTION 



The ST1 6C554E is a universal asynchronous receiver 
and transmitter with 64 byte transmit and receive 
FIFO. A programmable baud rate generator is 
provided to select transmit and receive clock rates 
from 50Hz to 1.5 MHz. 

The ST16C554E is an improved version of the 
NS16C550 UART with higher operating speed and 
lower access time. The ST16C554E on board status 
registers provides the error conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C554E 
provides internal loop-back capability for on board 
diagnostic testing. 

The ST16C554E is fabricated in an advanced 1.2u. 
CMOS process to achieve low drain power and high 
speed requirements. 



FEATURES 



• Pin to pin and functional compatible to ST16C554 

• 64 byte transmit FIFO 

• 64 byte receive FIFO with error flags 

• Modem control signals (CTS*, RTS*. DSR*, DTR*, 
Rl*. CD*) 

• Programmable character lengths (5, 6, 7, 8) 

• Even, odd, or no parity bit generation and detection 

• Status report register 

• Independent transmit and receive control 

• TTL compatible inputs, outputs 

• Software compatible with INS8250, NS16C550 

• 460.8 kHz transmit/receive operation with 7.372 
MHz crystal or external clock source 



ORDERING INFORMATION 



Part number Package 
ST16C554ECQ64 QFP 
ST16C554EDCQ64 QFP 
ST16C554EDCJ68 PLCC 
ST16C554EDIJ68 PLCC 



Operating temperature 
0° C to + 70° C 
0° C to + 70° C 
0° C to + 70° C 
-40° C to + 85° C 



PLCC Package 
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BLOCK DIAGRAM 
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CLOCK APPLICATION NOTES 

GENERAL APPLICATION NOTE FOR STARTECH CLOCK FAMILY 



The ST49CXXX video / memory clock chips provide 
5-1 30 MHz clock outputs which may cause unwanted 
EMI problems. 

To minimize problems with meeting FCC EMI require- 
ments, consideration should be given to the following 
sections of the board design. 

Power supply conditioning 

Printed Circuit Board Layout 

Video / Memory clock outputs and drive capabilities 

External clock sources 

Reference clock sources 

Digital control / select inputs 

External loop filters 

Power supply considerations 

Under normal conditions no external components are 
required for propper operation of any of the internal 
circuitry of the ST49CXXX. It is required to have spike 
free ( or minimum ) and stable supply source to the 
chips. To provide stable and clean supply voltage to 
STARTECH clock chips we recommend to use 0.1 liF 
capacitors close to IC's power supply lines (VCC, 
AVCC and DVCC inputs). Analog and digital supply 
lines are separated from each other to reduce noise 
generated due to internal digital switching. 
In most of the design cases +5V and +1 2V supplies are 
provided. A clean +5V supply can be obtained from 
the +12V supply by utilizing a 470Q drop resistor and 
5.1V zener diode bypassed by 0.047liF and 2.2liF 
Tantalum capacitors ( or higher ) to ground. 
Trace width should be maximized from the supply 
source and good ground planes on top and bottom 
layers of the printed circuit board are recommended. 



Printed Circuit Board (PCB) layout 

We recommend to place all external components as 
close as possible to the clock chips to reduce trace 
length between pin and component connections. It is 
important to keep components not related to clock IC's 
( DRAM and other memory devices ) far and not share 
the grounds. In applications utilizing a multi-layer 
board, GND, AGND, and DGND should be directly 
connected to the ground plane. If possible A full power 
and ground plane layout should be employed both 
under and around the IC package. 



Video / Memory clock outputs and drive capabili- 
ties 

Video clock is usually the highest frequency present in 
video graphics system board/card and consideration 
should be given to FCC EMI requirements. 
The trace connecting DCLK and MCLK clock output 
pins to other components should be kept as close as 
possible ( with optional 33Q resistor in series ) to 
reduce the possible emitting signals and jitter. 



External clock sources 

When an external clock source is used to bypass the 
internal VCO to DCLK and MCLK outputs, clock 
should have fast rise / fall times and minimum jitter. 
This signal will be connected internally to the clock 
output pin when it is selected / enabled. The internal 
VCO circuit will be locked to its internal selected 
frequency. 



Reference clock sources 

The internal oscillator circuit contains all of the pas- 
sive components required for the external crystal. An 
appropriate parallel resonant crystal should be con- 
nected between XTAL1 and XTAL2. 
The crystal leads and input pins should be maintained 
as close as possible, and the body of the crystal should 
be grounded to minimize the noise pickup. For IBM 
compatible applications, the 1 4.31 81 8 MHz system or 
crystal clock is used as a reference clock to the chip. 

Digital control / select inputs 

The ST49CXXX provides TTL compatible address 
select and latch input pins to interface with CMOS or 
TTL/ LSTTL devices. The A0-A4 and M0-M1 can also 
be connected to the Data bus if required. 
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UART APPLICATION NOTES 



GENERAL APPLICATION NOTE FOR STARTECH UART FAMILY 



The AN-450 provides additional information to guide 
users to design or utilize the STARTECH product line. 
This document can also be used for all the 
STARTECH UART product lines. 

GENERAL INFORMATION 

STARTECH offers UART's with orwithout FIFO capa- 
bilities, and are marked as 45X for non FIFO families 
and 55X for FIFO families. All parts with sharing part 
numbers are foot print compatible in some extent, like 
ST16C450 and ST16C550, ST16C2450 and 
ST16C2550, etc. 

This section will describe general terms for commonly 
used flags and registers. 

OVERRUN ERROR: 

The flag is set to "1 " to warn the user that a serial data 
has been received and previous serial data has not 
been read from receive holding register. The new 
serial data will over write the previous data in the 
receive holding register. Note that previous serial data 
has been lost and user does not have an access to that 
data. 

PARITY ERROR: 

This flag is set "1 " to indicate that received serial data 
contains mismatched parity or data bit error in the 
received data. 

PARITY: 

Four common types of parities are used in the 
STARTECH Uart families; Odd Parity, Even Parity, 
Forced Mark Parity and Forced Space Parity. 

ODD PARITY: 

Odd Parity is calculated by adding all the "1 's" in a data 
stream and adding a parity bit to the total bits, to make 
the total count an odd number. 

Example -1 : A data byte with the following pattern 
1 1 01 001 will require to add a parity bit of "1 " to bring 
the total count for "1 's" to an odd number. Based on 
this data pattern, serial data with odd parity will be 
transmitted as 110100101. 

Example -2: A data byte with the following pattern 
10011000 will require to add a parity bit of "0" to 
maintain the total count of "1's" to an odd number. 



Based on this data pattern serial data with odd parity 
will be transmitted as 100110000. 

EVEN PARITY: 

Even Parity is calculated by adding all the "1's" in a 
data stream and adding a parity bit to the total bits, to 
make the count an even number. 

Example -3: A data byte with the following pattern 
1 00001 01 will require to add a parity bit of "1 " to bring 
the total count for "1 's" to an even number. Based on 
this data pattern, serial data with even parity will be 
transmitted as 1 00001 01 1 . 

Example -4: A data byte with the following pattern 
00001111 will require to add a parity bit of "0" to 
maintain the total count for "1's" to an even number. 
Based on this data pattern, serial data with even 
parity, will be transmitted as 00001 1110. 

FORCED SPACE PARITY: 

Parity bit on the serial byte is set to "0" regardless of 
total number of "1 's" (even or odd counts). 

FORCED MARK PARITY: 

Parity bit on the serial byte is set to "1" regardless of 
total number of "1's" (even or odd counts). 

FRAMING ERROR: 

The flag is set to "1 " to indicate that received data does 
not have correct start or stop bits. This can cause when 
the Uarts are set for 8-bits word and receiving a serial 
data of 7-bits word or any mismatched data patterns. 

BREAK SIGNAL INDICATION: 

This flag is set to "1 " to warn the user that transmitter 
is sending continuous "0" data without stop bit (RX 
input is low for more that one word). 

TRANSMIT/RECEIVE FIFO: 

STARTECH offers 16 byte transmit FIFO and 16 byte 
receive FIFO for all its products with 55X part num- 
bers. These FIFO's are static 19 X 16 bit RAM with 
control logic to form a ring counter. Initializing the 
FIFO will set the write and read pointers to the same 
location. 



TRANSMIT EMPTY: 

This flag is set "1" to indicate that, there is no 
character in the transmit holding and transmit shift 

register 
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TRANSMIT HOLDING EMPTY: 

This flag is set "1 " to indicate that, there is one or more 
empty locations in the transmit holding register. User 
has to check this bit before loading characters in the 
transmit holding register. In non FIFO mode, user can 
load one character at a time when this flag is set and 
16 characters when FIFO mode is utilized. 



RECEIVER DATA READY: 

This bit is set "1" to indicate that, receiver has one or 
more character in the receive holding register. User 
has to check this bit prior to read receive holding 
register. In non FIFO mode, only one character at time 
can be read. In FIFO mode up to 16 characters can be 
read if time bit is set. 



RECEIVE TIME-OUT: 

This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 

Example -7: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T = 4 X 7( programmed word length) +12 = 40 bits 
Character time = 40 / 9 [ (programmed word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 

Example -8: If user programs the word length = 7, with 

parity and one stop bit, the time out will be: 

T = 4 X 7(programmed word length) + 12 = 40 bits 

Character time = 40 / 10 [ (programmed word length 

= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 

characters. 



BAUD RATE GENERATOR: 

STARTECH provides a 16 bit digital divider to obtain 
all necessary baud rates. The 16 bit divider is broken 
down in to two 8-bit dividers which will be addressed 
as MSB divider (upper 8- bits) and LSB divider (lower 
8-bits). To calculate the transmit/receive data rate it 
is necessary to know the provided clock rate (fre- 
quency) to STARTECH parts. STARTECH utilizes 16 
clocks for each transmit bit and 16 clocks to sample 
the received data. Note that inorderto access these 



dividers, userhasto enable the divisor latch access bit 
through the Line Control Register. 

Bit rate is calculated by: 

Dividing decimal number = (Clock rate) / (16 X bit 
rate). 

To program the digital divider, dividing decimal num- 
ber should be converted to hex (base 16) number and 
split into two 8-bits sections. 

Example -5: To obtain 4800 Hz baud rate, assuming 
1 .8432 MHz input clock, the dividing decimal value is 
( input clock=1 843200) / (16 X 4800) = 24 

24 decimal = 001 8 Hex, this value is translated to MSB 
= 00 Hex and LSB = 18 Hex. 



BAUD RATE VERSUS BIT RATE: 

The baud rate defines the width of each bit regardless 
of word, parity and stop bit length. Bit rate, is the rate 
of the transmission which each character is transmit- 
ted or received. The 2400 baud rate transmission is 
translated to 2400 Hz per bit for each character in a 
word. With 2400 baud you can transmit between 7 to 
12 characters per slot. 



PROGRAMMING STEPS: 

The AN-450 provides the easy steps to program 
STARTECH Uart family. Note that all numbers are in 
Hex format not decimal. 

Write 80 Hexto LCR (Line Control Register) to enable 
baud rate generator divider latch 
to set 2400 Hz baud rate: 

write 00 Hex to MSB of baud rate generator (address 
location 1). 

Write 30 Hex to LSB of baud rate generator (address 
location 0). 

Select you word, parity and stop bit format from 
STARTECH Uart data sheet, 
to set 8 bits, no parity and one top bit and disable the 
divisor access latch 

write 03 Hex to LCR (Line Control Register): 

if you need to use Uartswith FIFO, select your receive 
trigger level from data sheet, 
to enable FIFO with 14 character trigger level 
write CF Hex to FCR (FIFO Control Register) 
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enable interrupt sources 

write 01 Hex to IER (Interrupt Enable Register) to 
select receive interrupt. 

to set RTS and DTR outputs to low and enable the 
interrupt output 

write OB Hex to MCR (Modem Control Register). 

The STARTECH Uart is ready fortransmit and receive 
operation. 

Read MSR (Modem Status Register) to check the 
status of CD, Rl, DSR, CTS input pins. 

Read LSR (Line Status Register). 

For polling applications (non interrupt mode) user has 
to monitor bit zero of this register to verify valid data 
in the receive holding register. 



Serial Crystal Connections 



ST16C450 
ST16C550 
ST16C1450 
ST16C1550 
ST16C2450 
ST16C2550 



ST16C454 
ST16C554 
ST68C454 
ST68C554 



Check the Transmit Holding Empty bit before loading 
data in the transmit holding register, 

continue the transmission. 



Parallel Crystal Connections 



External Clock Connections 



ST16C450 
ST16C550 
ST16C1450 
ST16C1550 
ST16C2450 
ST16C2550 



ST16C454 
ST16C554 
ST68C454 
ST68C554 



ST16C450 
ST16C550 
ST16C1450 
ST16C1550 
ST16C2450 
ST16C2550 



ST16C454 
ST16C554 
ST68C454 
ST68C554 



Rl 






1M 






XI 

— iDi— 

1.8432 MHz 




XI 

— iQi — 1 

1.8432 MHz 


=C1 = 
27pF 


=C2 = 
27pF 


-ci — 

27pF 
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C PROGRAM SAMPLE 

File: sample. c Package:UART init 

This is a sample code to show how to initialize the UART series of chips 
from Startech Semiconductors. 

This also includes some basic external loop back thru' two different 
ports using the FIFO capability. 

This also includes external loop back thru a different computer 



#include 


<stdio.h> 






#include 


<string.h> 






#include 


<fcntl.h> 






#define 


TRUE 


1 




#define 


FALSE 







/* These are the various offsets for the registers inside the chip */ 




#define 


RHR 


0x00 /* Receive Holding Register 


*/ 


#define 


THR 


0x00 /* Receive Holding Register 


*/ 


#define 


IER 


0x01 /* Interrupt Enable Register 


*/ 


#define 


FCR 


0x02 /* FIFO control Register 


*/ 


#define 


ISR 


0x02 /* Interrupt Status Register 


7 


#define 


LCR 


0x03 /* Line control register */ 


#define 


MCR 


0x04 /* Modem Control Register 


*/ 


#define 


LSR 


0x05 /* Line Status Register 


7 


#define 


MSR 


0x06 /* Modem Status Register 


7 


#define 


SCR 


0x07 /* Scratch pad Register 


7 



/* This two offsets are used for defining the baud rate 7 

#define DIVLSB 0x00 /* Divisor LSB latch address 7 

#define DIVMSB 0x01 /* Divisor MSB Latch address 7 



/*\ 

* Program table for baud rate 

* This represents the LSB and MSB divisor latch data 
\7 

char baud_table[8][2] = { 



{ 0x80, 0x01 }, 


/*300 7 


{ 0x60, 0x00 }, 


/M200 7 


{ 0x30, 0x00 }, 


/* 2400 7 


{ 0x0c, 0x00 }, 


/* 9600 7 


{ 0x06, 0x00 }, 


/*19K 7 


{ 0x03, 0x00 }, 


/*38k 7 


{ 0x02, 0x00 }, 


/*56k 7 


{0x01, 0x00} 


/*115k7 
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/* Baud Rates */ 






phm **nn 


u 


#define 


_COM 1200 


i 


#define 


_COM 2400 


2 


#define 


COM 9600 


3 


#define 


_COM 19K_ 


A 

*T 


#define 


COM 38K_ 




#define 


_COM_56K_ 


O 


#define 


_COM_115K_ 


7 


/* Parity */ 






#define 


COM NOPARITY 


n 

u 


#define 


COM ODDPARITY 


1 


#define 


COM EVENPARITY 


o 


/*Stopbits */ 




tfdefine 


_COM STOP1_ 


n 


#define 


COM STOP2 


i 


#define 


COM STOP1 5 


1 
i 


/* word length */ 




#define 


COM CHR5 





#define 


COM CHR6 


1 


#define 


_COM_CHR7_ 


2 


#define 


_COM CHR8 


3 


/* word length */ 




#define 


COM FIF01 





#define 


COM FIF04 


1 


#define 


..COM.FIFOS.. 


2 


#define 


^COM^IFOH^ 


3 



/*\ 

* This function checks the existence of a port. 

* It is very simple. Take the port address then write to the scratch pad 

* an the read it back. If the data read back the same as one that was 

* written then return TRUE else return FALSE. 
\7 

int 

check_port(com_port) 

int com__port; 

{ 

inti; 

printf( tt Checking for port %4xH\n w ,com_port); 
/* Write 1010 1010 (Oxaa) to scratch pad7 
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q printf("Writing AAH in %4xH\n",com_port); 

U outportb(comjDort + SCR, Oxaa); 
Ql 

Q. 

< /* read it back. If it the same then return TRUE */ 
CO i = inportb(com__port + SCR); 

qE 

< printf("Read back %2xH from %4xH\n" > i,com_port); 
Z> 

if( i == Oxaa) 
return TRUE; 

else 

return FALSE; 

} 

7*\ 

* This is the work horse function which actually setups the UART. 

* It needs to know every thing. 
W 

int 

init^uartCport.baud.parity.data.stop.fifo.trigger) 
int port,baud,parity,data,stop,fifo,trigger; 
{ 

char lcr__byte; 

/* Set divisor latch */ 
outportb(port+LCR, 0x80) ; 

printf("Divisor Latch is %2xH %2xH (High Low)\n'\ 

baud Jable[baud][1], baud jable[baud][0]); 
outportbtport+DIVLSB, baudjable[baud][0]) ; 
outportb(port+DIVMSB, baudjable[baud][1]) ; 



/* Reset to normal Programming */ 

/* Program the lcr_byte for the above parameters */ 

lcr_byte = 0x00; 

lcr_byte = data; /* Set the bitO & bit1 for word length */ 
lcr_byte ;= stop « 3; /* Set the bit2 for stop bit 7 
if(parity != _COM_NOPARITYJ { 

lcr_byte ;= 1 « 4; /* Set the bit3 for parity 7 

if(parity == _COM_EVENPARITYJ 
lcr_byte ;= 1 « 5; /* Set the bit4 for EVEN parity 7 

} 

printffLCR byte is %2xH\n",lcr_byte); 
/* Program LCR 7 
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outportb(port+LCR, lcr_byte) ; C 

if(fifo) { H 
char fifo_byte; O 

z 

printf( K Programming FIFOs without DMA modeta"); ^ 

H 

/* Have to first set the fifo enable */ m 

fifo_byte = 0x01; 

outportb(port+FCR,fifo_byte); 

/* Now program the FIFO */ 

fifo_byte = 0x07; /* set bitO - FIFO enable, Reset RCVR and XMIT FIFO */ 
fifo_byte ;= trigger « 7; /* set bit6 and bit7 with the trigger level */ 



/* Program FCR */ 
outportb(port+FCR,fifo_byte); 
if(-(inportb(port + ISR) & OxcO)) { 

printffThis port %4xH does not have FIFOs\n"); 

printf("Hence did not program Enable FIFOsW); 

} 

} 



/* Program IER */ 

printf( u Programming IER for interrupt on bitO RCV holding RegisterW); 
outportb(port+IER, 0x01); 

return TRUE; 

} 

A 

* This is the test mode. 

* It gets the address of the ports checks to see if they are there. 

* Note: If a driver already exists I am not sure how to temporarily remove it. 

* Well we will worry about it later. 

* Warn the use to remove any drivers that are on the ports. 

* Especially the mouse driver. 

* pass the address to the test552 routine. 
W 

int test_modeO 
{ 

int ij,k; /* generic variables 7 

charport1[10], port2[10]; 

int pt1 ,pt2; /* this are the integer port numbers 7 



void test5520; 

printffWARNING: This program will not work if the ports to be tested\n"); 
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while(TRUE) { 
printf("First Port Address (In HEX) > "); 
scanf( K %s",port1); 
pt1 = strtol(port1,NULL,16); 



printff 
printf(" 



have drivers installed in them, e.g Mouse driver\n"); 
Please remove the drivers before doing this testAn"); 



fflush(stdin); 
A 

* Check if this port exists, else loop 
V7 

if(checkjx>rt(pt1)) 
break; 

printf("Error: Port %4xH does not exist. Try again\n",pt1); 

} 



while(TRUE) { 
printf("Second Port Address (In HEX) > "); 
scanf("%s" > port2); 
pt2 = strtol(port2 ) NULL,16); 
fflush(stdin); 
A 

* Check if this port exists, else loop 
Y7 

if(check_port(pt2)) 
break; 

printf("Error: Port %4xH does not exist. Try again\n",pt2); 

} 

/* Test 554 with the two port addresses */ 
test552(pt1,pt2); 

return TRUE; 



A 

* It first generates a random number for the data size to be generated. 

* Then generates a random data whose length is equal to the data size. 

* It puts it out on both the ports and polls for the interrupt to occur. 

* It reads both the ports until all characters are received OR a timeout 

* has occured. It then prints out the error Messages if any. 

* This loop is done for ever. 



} 
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voidtest552(p1,p2) C 
unsigned int p1, p2; 

{ H 

int i,j,c,w,n; O 
unsigned char outbuf[20], inbufl [20], inbuf2[20]; z 
unsigned char pbuf[200]; ^ 
unsigned long timeout, pass; _4 

m 



printf("ST16C552 External Loop Test Beginning^") ; 
printf("Testing ports %4x and %4x\n\n", p1 , p2) ; 

printf("Programing ports for 56K,8 bit.no parity,1 stop bit.FIFO trigger level 01 \n"); 

printf("This program uses POLLED mode for testing\n"); 

printf("Press Cntrl-C to stop the testing and quit\n"); 

printffNote: The ports will remain at the above settings after the TEST\n M ); 

/* Programming ports for 8 bits, no parity, 56K baud, 

FIFO enabled at level 01 */ 

/* Program first port */ 

printf ("Programming port %x4\n",p1); 

init_uart(p1 ,_COM_56K_,_COM J\IOPARITY_, 

_COM_CHR8_,__COM_STOP1_,TRUE^COM_FIF01J; 



/* Program Second Port */ 
printffProgramming port %x4\n",p2); 
init_uart(p2,_COM_56K__,_COM_NOPARITY_, 

_COM_CHR8_,_COM_STOP1_,TRUE,_COM_FIF01J; 



printf("Starting test\n"); 
for (pass = 1 ; ; pass++) { 

/* generate random size for data */ 

n = randO ; 

n += n » 8 ; 

n &= OxOf ; 



/* Make sure we never get a as the random size data */ 
if(n!=0x0f) 
n++ ; 



/* generate random data */ 
for (w = ; w < n ; w++) { 

c = randO ; 

c += c » 8 ; 

c &= Oxff ; 

c ;= 0x01 ; /* no NULLs allowed */ 
outbuf[w] = c ; 
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q outbuf[w] = NULL; 

□ 

g- prjntf( «******** Pass 0/o1 oid sending %d *********\01 5", pass, n) ; 

< 

C/5 /* Transmitt the data */ 

£ for (i = ; i < n ; i++ ) { 

< outportb(p1 , outbuf[i]) ; 

outportb(p2, outbuf[ij) ; 

} 

/* loop waiting for intr pending */ 
for ( i = 0;;i++ ) { 

if ((~inportb(p1+ISR) & 0x01) && (~inportb(p2+ISR) & 0x01)) 
break; 

} 

/* receive data until all has been received OR timeout 7 
timeout = 0x0008F ; 
for (i = j = 0; ((i < 20) && G < 20));) { 

if (inportb(p1+LSR) & 0x01) inbuf1[i++] = inportb(pl) ; 
c = randO ; 
c += c » 8 ; 
c&= 0x001 f; 
C++ ; 

for ( ; c != 0; c— ) ; 

if (inportb(p2+LSR) & 0x01) inbuf2[j++] = inportb(p2) ; 
if (timeout — == 0) break ; 

} 

/* If timed out then print message else comparse data 7 
if(timeout == ) 

printf('Timed out on PortsW); 
else { 

inbuf1[i] = inbuf2[j] = NULL; 
/* compare results 7 
if (strcmp(outbuf, inbufl) ;; ( i != n)) { 
printf("\nError:%04x Sent: p2) ; 
for ( w = 0; w < n; w++ ) 

printff %02x", outbuf[w]) ; 
printf("\n%04x Received:", p1) ; 
for ( w = 0; w < i; w++ ) 

printf(" %02x", inbufl [w]) ; 
printf("\n") ; 

} 

if (strcmp(outbuf, inbuf2) ;; (j != n )) { 
printf("\nError:%04x Sent: ", p1); 
for ( w = 0; w < n; w++ ) 

printf(" %02x", outbuf[w]) ; 



3 
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printf("\n%04x Received:", p2) ; EI 
for ( w = 0; w < j; w++ ) ^ 
printff %02x", inbuf2[w]) ; H 
printf("\n") ; O 

} 2 

1 

} m 



7 
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GND 
RST 
+5V 

IRQ9 



+12V 
GND 



SMEMW 
S MEMR 
IOW 
IOR 



DACK3 
DRQ3 



DACK1 
DRQ1 
REF 
CLK 
IRQ7 
IRQ6 
IRQ5 
IRQ4 
IRQ3 



DACK2 
T/C 
BALE 
+5V 

osc 

GND 



vcc I 



-12V 1 



IRQ3 



GND | 



UARTS APPLICATION NOTE 




Ol 

Ol 

o 



IOR* > 



vcc 

o 



1 RESET 





1 




2 




3 




4 




5 




6 




7 




8 




21 




20 




19 




16 _ 




14 ^ 




11 P 




24 


1 


J3 

OO 

oo 
oo 
oo 

HDR2X4 


2 




3 


4 




5 


6 


1 


8 









IOR 
IOVV 



DTR : 
RTS ; 



dsr ; 
cts ; 




I vcc 



— l cri zLcb2 ^=cb: 

I O.luF jO.luF jO.h 
1 GND ( * 1 1 



TX* } 
DTR* > 
RTS* > 

RX* 
DSR* 
CTS* 



2 
4 


OOOO 

oooo 


1 

3 


IRQ3 


6 


5 


IRQ4 
IRQ5 


8 


7 


IRQ7 



HDR2X4 
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GND ■ 
RST ■ 
+5V ■ 
IRQ9 ■ 
-5V ■ 
DRQ2 ■ 
-12V ■ 
OWS ■ 
+12V ■ 
GND ■ 
SMEMW : 
S MEMR : 

iow : 
ior : 

DACK3 : 
DRQ3 ■ 
DACK1 : 
DRQ1 ■ 
REF : 
CLK ■ 
IRQ7 ■ 
IRQ6 - 
IRQ5 ■ 
1RQ4 ■ 
IRQ3 ■ 
DACK2 : 
T/C ■ 
BALE ■ 
+5V ■ 

osc ■ 

GND • 



SAO > 



RESET > 
VCC | 



-12V | 
+12V [ 



IRQ? 1 

IRQ5 



IRQ3 



GND | 



IOR* > 



Ol 
O 



vcc vcc 
9 o 



< CSB* 
1 RESET " 



3 



T 



|0.1uF Jo.li 



— j— C K 

I O.h 



: ior 
: low 



-C CSA 
-0 CSB 



: opa 



TXA ■ 
DTRA : 

rtsa : 

RXA ■ 

DSRA : 

ctsa : 

CPA ■ 

ria : 

TXB ■ 
DTRB : 
RTSB : 

RXB ■ 

DSRB : 

ctsb : 

CDB : 



INITA 
INITB 



- < RXA* 
- < DSRA* 
-< CTSA* 
- < CPA* 
-S RTA* 



— iQi — 





Jl 






1 


OOOOOOOO 

oooooooo 
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3 
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5 
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IOCK 
SD7 
SD6 
SD5 
SD4 
SD3 
SD2 
SD1 
SDO 
IORDY 
AEN 
SA19 
SA18 
SA17 
SA16 
SA15 
SA14 
SAB 
SA12 
SA11 
SA10 
SA9 
SA8 
SA7 
SA6 
SA5 
SA4 
SA3 
SA2 
SA1 
SAO 



GND 
RST 
+5V 

JRQ9 



OWS ■ 
+12V ■ 
GND ■ 

SMEMW : 
S MEMR : 

iow : 
ior : 

DACK3 : 

DRQ3 ■ 

DACK1 : 

DRQ1 ■ 

REF : 

CLK ■ 

IRQ7 ■ 

IRQ6 ■ 

IRQ5 ■ 

IRQ4 ■ 

IRQ3 ■ 

DACK2 ; 

T/C ■ 

BALE ■ 

+5V ■ 

osc ■ 

GND ■ 



IRQ4 
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SD7 ■ 

SD6 ■ 

SD5 ■ 

SD4 ■ 

SD3 ■ 

SD2 ■ 

SD1 ■ 

SDO ■ 

IORDY : 

AEN ■ 

SA19 ■ 

SA18 ■ 

SA17 ■ 

SA16 ■ 

SA15 ■ 

SA14 ■ 

SA13 ■ 

SA12 ■ 

SA11 ■ 

SA10 ■ 

SA9 ■ 

SA8 ■ 

SA7 ■ 

SA6 ■ 

SA5 ■ 

SA4 ■ 

SA3 ■ 

SA2 ■ 

SA1 ■ 

SAO ■ 



< RESET 



GND ■ 
RST ■ 
+5V ■ 
IRQ9 ■ 
-5V ■ 
DRQ2 ■ 
-12V ■ 
OWS ■ 
+12V ■ 
GND ■ 
SMEMW : 
S MEMR : 

low : 
iqr : 

DACK3 I 

DRQ3 ■ 

DACK1 : 

DRQ1 ■ 

REF : 

CLK ■ 

IRQ7 ■ 

IRQ6 ■ 

IRQ5 ■ 

IRQ4 ■ 

mi ■ 

DACK2 I 
T/C ■ 
BALE - 
+5V ■ 

osc ■ 

GND ■ 



vcc I 



-12V | 
+12V 1 



low* > 
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IRQ4 
IRQ3 
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OUTC 
OUTD 



OUTA 
OUTB 
OUTC 
OUTD 



| RTSD 



DSRD > 
CTSD > 



[ GND 
1 -12V 
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LU 
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CL 
CL 
< 

H 
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| ST8401 /ST16C654 APPLICATION EXAMPLE 
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o 

00 



RESET > - 



IRQ3 
IRQ4 
IRQ5 



I VCC 



00 

oo 
oo 
oo 



cso 

CS1 
CS5 




1 




- < RX* 



-\ BAUDOUT) 



aioN Nonvonddv siuvn 



1 BAUDOUT) - 



| RESET >- 



IRRX ■ 
RESET ■ 



LD3 

7\TSHA550orEquiv. 



BPV 22NF or Equiv. t 




IRVINE SENSORS SIR2 
TEL (714) 549-8211 
FAX (714) 557-1260 



[ IR-TX 
] OP1 




TEMIC TFDS3000 
TEL (408) 970-5453 
FAX (408) 970-3977 



£V"SHA 550 or Equiv. 



I IR-TX 



COMPLETE SOLUTION WITH IR DIODES AND AMPLIFIER 
VCC 



I GND 



1 



aiON Nonvonddv siuvn 



AN8401 



LU 
h- 

o 

z 

2 

o 

< 

o 

— I 
CL 
CL 
< 

CO 
H 

< 
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QUALITY AND RELIABILITY 



1.0 Quality and Reliability information 

The STARTECH semiconductor quality program 
starts with the design of new products. Each design 
circuit performance is verified using simulations over 
voltage and temperature values beyond those of 
specified product operation. 

The design process includes consideration of quality 
issues such as signal levels, power dissipation, noise 
generated from internal clock circuits and testability 
of all device functions. 

The STARTECH semiconductor document control 
department maintains control over all manufacturing 
specifications, lot travelers, procurement specifica- 
tions and drawings and test programs. 



All changes of design are subject to approval by the 
Engineering, Quality and Manufacturing managers. 

STARTECH semiconductor performs a thorough in- 
ternal product qualification prior to the delivery of any 
new product or enhanced existing products other than 
prototypes/samples. 

1.1 Design Tools 

Schematics entry: View Logic 

Logic & Fault simulators: Startech Advanced 

Logic simulator 
Layout Synthesis: Goliath (Startech 

Layout synthesis) 
Layout Editor: Opal 
Layout Verification: Dracula 





HP Laserjet III 
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< 
a 



150 samples from three different product lots are 
selected to perform extended temperature operation 
test, 85° CI 85% R.H. / 5.5V temperature humidity 
bias. Same samples are used for accelerated burn-in 
and electro-static tests. 

STARTECH semiconductor subcontracts its fabrica- 
tion process to ORBIT semiconductor located in 
Sunnyvale, California. Packaging and final testing are 
also subcontracted to other vendors located locally or 
overseas. 



INFANT 
MORTALITY 



< 




TIME 



1 .2 Determination of the Failure Rate 

In the simplest form, the failure rate prediction at a 
given temperature can be predicted as follows. 

Failure rate= N/DH 

Where: 

N= number of failures 
D= number of devices 
H= number of hours tested 

assuming that semiconductors exhibit a log normal 
distribution. 



The equivalent device hours can be determined at 
temperature 12 can be expressed as: 

EDH (T2) = F (T1 , T2) x DH (T1) 
The failure rate at 12 can be expressed as: 



Failure rate (T2)= N/EDH (T2) 



Where: 



N= Number of failures 

EDH= Equivalent device hours 



Acceleration Factors 

The effects of temperature, voltage, time and other 
related functions are key when predicting life times of 
semiconductor devices. Understanding these effects 
with the use of a more accurate mathematical model, 
provides a better means of evaluating the change in 
reaction rate to changes in temperature. 



F(T1 , T2)= exp (-Ea/k (1/T1- 1/T2)) 



Where: 



F= Acceleration factor 
T1= Test temperature (° C+273) 
T2= Desired temperature (° C+273) 
k= Boltzman's constant (8.63 E-5eV / K) 
Ea= Thermal activation energy (eV) 



W 



50% C.L. 
X MEAN 



90% C.L. 



FAILURE RATE 
C .L . = Confidence Level 
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D 
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1.3 Activation Energies for Primary Failure 
Mechanisms 



Failure Mechanism 


Ea 


Contamination 


1-1.4 eV 


Silicon Defects 


0.5 eV 


Polarization 


1 eV 


Oxide Breakdown 


0.3 eV 


Aluminum Migration 


0.5 eV 


Trapping 


1 eV 



1.4 



Definition and common test methods 



Accelerated operating life stress 

Accelerated operating life stressing is performed to 
accelerate failure mechanisms, which are thermally 
activated, through the application of extreme tem- 
perature and dynamic biasing conditions. The typical 
temperature and voltage conditions used in the stress 
are 125 °C with a bias level at the maximum data sheet 
specifications. 



TIME 
(HRS) 

100 



1000 



7) 
m 

> 

DO 




85 °C/ 85 % R.H. 

85 °C/ 85 % R.H. is an environmental stress per- 
formed at a temperature of 85 °C and relative humidity 
of 85%. The test is designed to measure the moisture 
resistance of encapsulated devices. 

Electrostatic discharge testing 

Electrostatic discharge testing is performed to deter- 
mine the handling sensitivity of a semiconductor 
device. 



CMOS latch-up test 

CMOS latch-up test is performed to determine the 
sensitivity of a device input to overshoot and under- 
shoot signals connected to device inputs. 
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Commercial and Industrial Product Flows 



Engineering Study 



Engineering Design 



Schematics Entry 



Logic Simulation 



Layout Design 



Engineering Layout Check 



GDSII Tape Out 



Mask Shop 



Mask Inspection 



1 



Wafer Incoming Inspection 



Wafer Storage 



2 



Lead Frame Inspection 



Lead Frame Storage 
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v 2 



Wafer Fabrication 



Wafer Probe 



Wafer Saw & Dice 



High MagnificationVisual 



Die Attach 



Wire Bonding 



Low Magnification Visual 



Mold and cure 



Visual Inspection 



Die Bank 
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4 

Y 
i 
i 
i 

i 

Preburn-in Electrical Test 



Burn-in 



T 



Electrical Test 



External Visual Inspection 



T 
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Design and Layout Flow 



TARGET 
SPECIFICATION 



CIRCUIT 
DESIGN 



SCHEMATICS 
ENTRY 



H-SPICE 
SIMULATION 



SAL 
SIMULATION 



OPTIMIZATION 



LAYOUT 



I 



CORRECTIONS 



GDSII 
TAPEOUT 



T 



MASK 
CHECK 
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CD 
< 

ID 



TEMPERATURE CYCLE FLOW 



< 

o 



PRODUCT 
TYPE 



DATE 
CODES 



SELECTED 
UNITS (105) 



TEST 



BAKE 125° C 
98HRS 



BAKE 125° C 
192 HRS 



BAKE 125° C 
500 HRS 



QUALIFICATION 
COMPLETE 



DOCUMENTATION 
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85 / 85 BIAS CYCLE FLOW 



PRODUCT 
TYPE 



DATE 
CODES 



SELECTED 
UNITS (105) 



BAKE 250° C 
98HRS 



PULL-POINTS 
TEST 



BAKE 250° C 
192 HRS 



PULL-POINTS 
TEST 



BAKE 250° C 
500 HRS 



PULL-POINTS 
TEST 



QUALIFICATION 
COMPLETE 



DOCUMENTATION 
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□ HIGH TEMPERATURE 

§ OPERATING LIFE 

-j 

LLI 

o: 

^ 2.0 LONG TERM FAILURE RATE SUMMARY 
^ 2.1 Long Term Failure Rate Determination 

O A High temperature Operating Life test is used to estimate long term reliability. By operating the devices at 
accelerated temperature and voltage, hundreds of thousands of use hours can be compressed into thousands of 
test hours. The method used to estimate failure rates from stress data is summarized. 

Method: MIL-STD-883, method 1005. 

Test: High Temperature Operating Life Test (HTOL) 

Conditions: Dynamic Operating Conditions, VCC = 5.50 Volts, 150° C, Frequency 

= 2 MHz. 

Duration: Long term Failure Rate is minimum 168 hours HTOL at 150° C 

periodically tested to 500 hours. 

Reliability: Failure mechanisms common to semiconductor components are accel- 

erated by temperature and voltage. In calculating failure rates, though, 
only temperature acceleration is included. 

Acceptance criteria: 0/116 
3.0 HIGH TEMPERATURE STORAGE TEST 

The High Temperature Steady State Life test is used to accelerated ionic contamination problems. Static bias 
is used because a constant voltage gradient accelerated diffusion of ionic species. The method used to estimate 
failure rates from stress data is summarized. 

Method: MIL-STD-883, method 1008. 

Conditions: 1000 hrs, unbiased 150° C. 

Acceptance criteria: 0/116 
4.0 PACKAGE STRESS TESTS 

Startech Semiconductor Reliability qualifies and continuously monitors the packaging reliability to ensure 
exceptional resistance to environmental stress. Package reliability stress testing and failure rates are summa- 
rized. 
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o 
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> 

7) 

m 
> 

4.1 Pressure Cooker Test "plastic package only" CD 



Method: JEDEC STD-22, method 102 

Test: Pressure Cooker Test (PCT) 

Conditions: 15 PSIG, 121 ° C, No bias, 168 hrs, 100% RH, 2 ATM. 

Purpose: The Pressure Cooker Test is a highly accelerated packaging stress test 

used to ensure environmental durability of epoxy packaged parts. 
Passivation cracks, ionic contamination and corrosion susceptibility are 
all accelerated by this stress. 

Failure: Any device which fails to meet all data sheet requirements is classified 

as a failure. 

Acceptance criteria: 0/76 

5.0 Temperature Cycle Test 

Differences in thermal expansion coefficients are accentuated by cycling devices through temperature extremes. 
If the materials do not expand and contact equally, large stresses can develop. 



Test: Temperature Cycle 

Conditions: MIL-STD-883C, Method 1010 test stress mechanical integrity by ex- 

posing a device to alternating temperature extremes. Weakness and 
thermal expansion mismatches in die interconnections, die attach, and 
wire bonds are often detected with this acceleration test. 

Temperature: -65° C to +150° C. 

Purpose: 100 cycles minimum, periodically tested to 1000 cycles 

Failure: Any device which fails to meet all data sheet requirements is classified 

as a failure. 

Acceptance criteria: 0/76 
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ESD AND 
LATCH-UP 
TEST 



6.0 Latch-up Sensitive 



Test: Latch-up Sensitivity 

Method: JEDEC-STD-17 

Conditions: Current Injection = ±200mA Trigger or 2X VCC, Hot Socket = Vcc 0-7 

Volts, Vcc Oscillation at Vcc = 3.5-7.0 Volts at 1 MHz, Temperature = 
25° C. 



Purpose: The latch-up test is designed to test resistance of the devices to extreme 

voltage and current excursions. Latch-up has historically been a 
problem associated with CMOS devices. 

Failure: Any device which fails the Latch-up test if Latch-up occurs at less than 

200mA of current. 



Acceptance criteria: 0/5 



6.1 Results: 

All products are tested for latch-up during qualification. 



Outputs: All outputs are tested using a hot socket technique where the full voltage 

is applied instantly, on a voltage ramp, where voltage is increased 
slowly. During the hot socket technique, a maximum of 400 mA was 
allowed in order to protect the outputs from overstress. 

Inputs: All inputs are tested using both the hot socket technique and the voltage 

ramp technique. 



8-14 



QUALITY / RELIABILITY 



6.2 Conclusion: 

Startech Semiconductor products are very resistant to latch-up. 
7.0 Electrostatic Discharge (ESD) 



O 
c 
> 



7J 

m 

r; 

> 
03 



Test: 
Conditions: 
Purpose: 

Failure: 
Acceptance criteria: 



Electrostatic Discharge 
MIL-STD-883C, Method 3015 

The ESD test established the sensitive of device to electrostatic 
discharge of the type than can occur during ordinary handling. 

A device fails the ESD stress test is any pin combination defined in 
method 3015 of MIL-STD-883C is damaged after testing with a 2000 
Volts discharge. Data sheet electrical testing is performed to determine 
if a device has been damaged. 

0/3 



7.1 Results: 

All Startech Semiconductor products are tested for resistance to ESD during qualification. All pins pass ESD 
testing at 2000 Volts. 

7.2 Conclusion: 

Startech Semiconductor products are not ESD sensitive per the definition of MIL-STD-883C. 
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ORDERING INFORMATION 1 



UL1 

o 

o 
o 



in 
Q 



o 

7) 
D 
m 

z 
o 

CD 

ORDERING INFORMATION AND PART NUMBERING GUIDE — — q 

m 



Prefix Device Suffix - Pin Count Option Code 

ST XX C XXX XX XX XX 

I 

Company ID 

Part Number 1 

Temperature ' 

Package ' 

Number of the packaged pins 1 

Options 1 



Temperature Range 

C Commercial 0° C To +70° C 

I Industrial -40° C To +85° C 

M Military -55° C To +125° C 



Package Type 

P Plastic Dip 

C Ceramic 

D Cerdip 

L Leadless Chip Carrier (LCC) 

J Plastic Leaded Chip Carrier (PLCC) 

F Flat Pack(SOIC) 

Q Quad Flat Pack 

G Pin Grid 

T Thin Shrink Small Outline Package (TSSOP) 
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O 



3 



PACKAGE MARKING INFORMATION 
(EXCEPT CLOCK SYNTHESIZERS AND TQFP PACKAGES) 



z 



LU 
Q 

o 



Prefix 

ST 



Device 

XXC XXX 



Suffix 

XX 



Custom Marking 

XXX 



Company ID 

Part Number I 

Operating Temperature Range — -I 

Package Type 

Custom Packaged/Bonded 

DATE CODE AND OPTIONS MARKING 



Revision 1 

Year__ 

Week . — 

Custom (Special parts only) 



"ST16C452" DATE CODE AND OPTIONS MARKING 



X 



9X XX - XXX 



X 



XX 9X XX 



Revision 

Product type 
Year — — — 
Week ■ 
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PACKAGE MARKING INFORMATION 
(CLOCK SYNTHESIZERS) 



Prefix 

ST 



Device 

xxcxxx 



Company ID 

Part Number 

DATE CODE AND OPTIONS MARKING 



REVISION 

YEAR 

WEEK 

OPTION CODES 



48-TQFP PACKAGE MARKING INFORMATION 



Prefix Device 

ST XXCXXX 
I 

Company ID 

Part Number 



DATE CODE AND OPTIONS MARKING 



Operating ' 

Temperature Range 

Package 

Revision 

Year - 

Week 



X 



9X XX - XX 



XX X 



9X XX 



UJ 

9 

o 

o 
z 

(£ 
HI 
Q 
UL 
O 



9-6 



PACKAGING INFORMATION 



10-2 



D1 



_0 □ □ LZL 




E1 



> 
o 

> 

Q 

z 
O 

O 
c 

D 

m 



0.340 ±0.010 



fT 



DIMENSIONS 


TOLERANCE 




(Mil) 


A 


0.200 ±0.010 


Al 


0.015 


A2 


0.130 ±0.005 


D 


0.365 ±0.005 


Dl 


0.300 


E 


0.310 ±0.010 


El 


0.250 ±0.005 


L 


0.125 ±0.020 




0.100 


b 


0.17 ±0.02 



D1 



JZ3JZL 



n n 




u u u u 



E1 



DIMENSIONS 


TOLERANCE 




(Mil) 


A 


0.200 ±0.010 


Al 


0.015 


A2 


0.130 ±0.005 


D 


0.750 ±0.005 


Dl 


0.600 


E 


0.310 ±0.010 


El 


0.250 ±0.005 


L 


0.125 ±0.020 


e 


0.100 


b 


0.17 ±0.02 
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D1 



n n n n 




u u CTTZr 



E1 



A2 ^ 



r 



DIMENSIONS 


TOLERANCE 




(Mil) 


A 


0.200 ±0.010 


Al 


0.015 


A2 


0.130 ±0.005 


D 


0.750 ±0.005 


Dl 


0.700 


E 


0.310 ±0.010 


El 


0.250 ±0.005 


L 


0.125 ±0.020 


e 


0.100 


b 


0.17 ±0.02 



n o 



D1 



n n 




E1 




DIMENSIONS 


TOLERANCE 




(Mil) 


A 


0.200 ±0.010 


Al 


0.015 


A2 


0.130 ±0.005 


D 


1.020 ±0.005 


Dl 


0.900 


E 


0.310 ±0.010 


El 


0.250 ±0.005 


L 


0.125 ±0.020 




0.100 


b 


0.17 ±0.02 
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1/ 



-J k-e 



D1 




E1 



> 

o 

Q 
z 

o 

o 
c 

o 
m 



0.640 ±0.010 



r 



DIMENSIONS 


TOLERANCE 




(Mil) 


A 


0.200 ±0.010 


Al 


0.015 


A2 


0.150 ±0.005 


D 


1.450 ±0.005 


Dl 


1.300 


E 


0.610 ±0.010 


El 


0.550 ±0.005 


L 


0.125 ±0.020 


e 


0.100 


b 


0.17 ±0.02 




U U LZJ 



E1 



^1 / ^ 



-J k-. 



DIMENSIONS 


TOLERANCE 




(Mil) 


A 


0.200 ±0.010 


Al 


0.015 


A2 


0.150 ±0.005 


D 


2.050 ±0.005 


Dl 


1.900 


E 


0.610 ±0.010 


El 


0.550 ±0.005 


L 


0.125 ±0.020 


e 


0.100 


b 


0.17 ±0.02 
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o 
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Q. 



D1 



R R H R 



) 



8- SOIC PACKAGE 



y y y y 

Hh b HI— 



E1 



TT 



1 



DIMENSIONS 


TOLERANCE 




(Mil) 


A 


0.061 ±0.004 


Al 


0.004 - 0.010 


A2 


0.054 ±0.002 


D 


0.193 ±0.002 


Dl 


0.150 


E 


0.236 ±0.008 


El 


0.154 ±0.002 


L 


0.020 ±0.020 


e 


0.050 


b 


0.17 ±0.02 



D1 



RRR RR 



14- SOIC PACKAGE 



E1 



I/ 



r 



^ — r 



DIMENSIONS 


TOLERANCE 




(Mil) 


A 


0.061 ±0.004 


Al 


0.004 - 0.010 


A2 


0.054 ±0.002 


D 


0.340 ±0.002 


Dl 


0.300 


E 


0.236 ±0.008 


El 


0.154 ±0.002 


L 


0.020 ±0.020 


e 


0.050 


b 


0.17 ±0.02 
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D1 



) 



16- SOIC PACKAGE 



E1 



i 

Z 
CD 

O 
C 

D 

m 




DIMENSIONS 


TOLERANCE 




(Mil) 


A 


0.061 ±0.004 


Al 


0.004 - 0.010 


A2 


0.054 ±0.002 


D 


0.390 ±0.002 


Dl 


0.350 


E 


0.236 ±0.008 


El 


0.154 ±0.002 


L 


0.020 ±0.020 


e 


0.050 


b 


0.17 ±0.02 



D1 



HRH R H 



) 



20- SOIC PACKAGE 



E1 



BUB EJH 




DIMENSIONS 


TOLERANCE 




(Mil) 


A 


0.101 ±0.010 


Al 


0.006 - 0.008 


A2 


0.092 ±0.005 


D 


0.504 ±0.005 


Dl 


0.450 


E 


0.406 ±0.010 


El 


0.289 ±0.005 


L 


0.020 ±0.020 


e 


0.050 


b 


0.1 7 ±0.02 
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< 
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D1 



RRR RH 



28- SOIC PACKAGE 



E¥E ETB 
Hh H h- 



E1 



DIMENSIONS 


TOLERANCE 




(Mil) 


A 


0.101 ±0.010 


Al 


0.006-0.008 


A2 


0.092 ±0.005 


D 


0.704 ±0.005 


Dl 


0.650 


E 


0.406 ±0.010 


El 


0.289 ±0.005 


L 


0.020 ±0.020 


c 


0.050 


b 


0.17 ±0.02 
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28-PLCC PACKAGE 



U U U ETTJ 
[ / 



□ 








□ 






E1 


□ 




□ 









DIMENSIONS 


TOLERANCE 




(mil) 


A 


0.170±0.005 


Al 


0.020 


A2 


0.150 ±0.002 


D 


0.490 ±0.005 


Dl 


0.454 ±0.002 


E 


0.490 ±0.005 


El 


0.454 ±0.002 


e 


0.050±0.002 


b 


0.030±0.005 



D 



TT 



1 44 

n n qd □_ 



o 



44-PLCC PACKAGE 



U U U ETTJ 



DIMENSIONS 


TOLERANCE 




(mil) 


A 


0.170±0.005 


Al 


0.020 


A2 


0.150 ±0.002 


D 


0.690 ±0.005 


Dl 


0.654 ±0.002 


E 


0.690 ±0.005 


El 


0.654 ±0.002 




0.050±0.002 


b 


0.030±0.005 
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o 



8-PLCC PACKAGE 



U U □ CJTJ 



E1 



DIMENSIONS 


TOLERANCE 




(mil) 


A 


0.170±0.005 


Al 


0.020 


A2 


0.150 ±0.002 


D 


0.990 ±0.005 


Dl 


0.954 ±0.002 


E 


0.990 ±0.005 


El 


0.954 ±0.002 


e 


0.050±0.002 


b 


0.030±0.005 



E 




D1 



Tr 



DIMENSIONS 


TOLERANCE 




(Mil) 


A 


0.0390 ±0.004 


Al 


0.004 ±0.002 


A2 


0.0323 ±0.002 


D 


0.1 18 ±0.002 


Dl 




E 


0.250 ±0.006 


El 


0.173 ±0.002 


L 


0.020 ±0.002 


e 


0.0256 


b 


0.17 ±0.02 
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PPH RR 




TT 



1/ 



J 



,Z\d 



E1 



> 
O 

> 
Q 
z 

O 
c 

D 

m 



DIMENSIONS 


TOLERANCE 




(mm) 


A 


1.20 


Al 


0.05-0.10 


A2 


1.0 ±0.5 


D 


9.0 ±0.25 


Dl 


7.0 ±0.10 


E 


9.00 ±0.25 


El 


7.0 ±0.10 


L 


0.6 ±0.15 


b 


0.5 
0.22+0.05 



RRR RR 



1 en 

nz 

EC 

□z 
nz 



TT 



52- QFP PACKAGE 
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E1 
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64- QFP PACKAGE 



ID 
ID 

in 

m 
in 



E1 



DIMENSIONS 


TOLERANCE 




(mm) 


A 


1.20 


Al 


0.15 ±0.01 


A2 


1.0 ±0.05 


D 


12.0±0.10 


Dl 


10.0±0.10 


E 


12.0±0.10 


El 


10.0±0.10 


L 


0.60 ±0.1 5 


e 


0.50 


b 


0.22 ±0.04 



D 




E3 



1 



r 



-J L 



DIMENSIONS 


TOLERANCE 




(mm) 


A 


3.04 ±0.30 


Al 


0.30-0.03 


A2 


2.71 ±0.16 


D 


23.20 ±0.25 


D3 


18.85 


E 


17.20 ±0.25 


E3 


12.35 


L 


0.65-0.95 


e 


0.65 


b 


0.22-0.38 
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North American Representatives 



ALABAMA 

Bits, Inc. 
One Meca Way 
Norcross, GA 30093 
(770) 564-5599 
FAX (770) 564-5588 

ALASKA 

Call EXAR San Jose 
(408) 434-6400 

ARIZONA 

System Sales Of Arizona 
540 West Iron, Suite #106 
Mesa, AZ 85210 
(602) 464-9989 
FAX (602) 464-9701 

ARKANSAS 

Arraytech Sales 
14275 Midway Rd. 
Suite 220 
Dallas, TX 75244 
(214) 392-1199 
FAX (214)392-1399 

NORTHERN CALIFORNIA 

Pro Associates 
890 Saratoga Ave. 
San Jose, CA 95129 
(408) 248-5300 
FAX (408) 244-7939 

SOUTHERN CALIFORNIA 

Infinity Sales 

20 Corporate Park, Suite 100 
Irvine, CA 92714 
(714)833-0300 
FAX (714)833-0303 

Infinity Sales 

26560 West Agoura Rd. 

Suite 203 

Calabasas, CA 91302 
(818) 880-6480 
FAX (818) 880-1922 



SOUTHERN CALIFORNIA 

Infinity Sales 

6540 Lusk Blvd., Suite C256 
San Diego, CA 92121 
(619) 535-9300 
FAX (619) 550-3707 

COLORADO 

Spectrum Marketing 
2211 W. 27th Ave. 
Denver, CO 80211 
(303) 480-9991 
FAX(303) 455-5303 

CONNECTICUT 

A/D Sales 
1057 East Street 
Tewksbury, MA 01876 
(508) 851-5400 
FAX (508) 851-5555 

DELAWARE 

Chesapeake Technology, Inc. 
14808 Fothergil Ct. 
Burtonsville, MD 20866 
(301)236-0530 
FAX (301)384-9596 

FLORIDA 

SEC 

600 S. NorthlakeDr. 
Suite 230 

Altamonte Springs, FL 32701 
(407) 830-8444 
FAX (407) 830-8684 

SEC 

4701 N. Federal Hwy. 
Suite 430, Box #B-11 
Lighthouse Point, FL 33064 
(305) 783-6900 
FAX (305) 782-7274 

GEORGIA 

Bits, Inc. 
One Meca Way 
Norcross, GA 30093 
(770) 564-5599 
FAX (770) 564-5588 



IDAHO 

Call EXAR Corporation - 
South Central 
(214) 235-2699 

ILLINOIS 

See EXAR Corporation - 
North Central 
(708) 705-3832 

INDIANA (XR) 

Schillinger Associates, Inc. 
2297 E. Boulevard 
Kokomo, IN 46902 
(317) 457-7241 
FAX (317) 457-7732 

IOWA 

GM Brown, Inc. 

2407 Buckingham Dr. NW 

Suite 311 

Cedar Rapids, IA 52405 
(319) 390-3003 
FAX (319) 396-3859 

KANSAS 

DLE Electronics 
6572 East Central 
Suite 103 

Witchita, KS 67206 
(316) 683-6400 
FAX (316) 683-9367 

KENTUCKY 

Bits, Inc. 
One Meca Way 
Norcross, GA 30093 
(770) 564-5599 
FAX (770) 564-5588 

LOUISIANA 

Call EXAR Corporation - 
South Central 
(214) 235-2699 



MAINE 

A/D Sales 
1057 East Street 
Tewksbury, MA 01876 
(508) 851-5400 
FAX (508) 851-5555 

MARYLAND 

Chesapeake Technology, Inc. 
14808 Fothergil Ct. 
Burtonsville, MD 20866 
(301)236-0530 
FAX (301)384-9596 

MASSACHUSSETTS 

A/D Sales 
1057 East Street 
Tewksbury, MA 01876 
(508) 851-5400 
FAX (508) 851-5555 

MICHIGAN 

JMJ Associates 

5075 Cascade Rd. S.E. 

Grand Rapids, Ml 49546 

(616)285-8887 

FAX (616) 285-7633 

MINNESOTA 

Customer 1st 

2950 Metro Drive, Suite 110 
Bloomington, MN 55425 
(612) 851-7909 
FAX (612) 851-7907 

MISSISSIPPI 

Bits, Inc. 
One Meca Way 
Norcross, GA 30093 
(770) 564-5599 
FAX (770) 564-5588 

MISSOURI 

G.M. Brown, Inc. 
261 5B North Highway 67 
Florissant, MO 63033 
(314) 839-3600 
FAX (314) 839-3601 
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North American Representatives 



MONTANA 

See EXAR Corporation - 
South Central 
(214)235-2699 

NEBRASKA 

DLE Electronics 
6572 East Central 
Suite 103 

Witchita, KS 67206 
(316)683-6400 
FAX (316) 683-9367 

NEVADA 

Call EXAR San Jose 
(408) 434-6400 

NEW HAMPSHIRE 

Bits, Inc. 
One Meca Way 
Norcross, GA 30093 
(770) 564-5599 
FAX (770) 564-5588 

NEW JERSEY 

Comp Tech Sales 
232 Boulevard, Suite 11 
Hasbrouck Heights, NJ 
07604-1902 
(201)288-7400 
FAX (201) 288-7583 

NEW MEXICO 

System Sales Of Arizona 
2403 San Mateo, NE 
Suite W-5 

Albuquerque, NM 87110 
(505) 889-2901 
FAX (505) 889-2749 

NEW YORK (UPSTATE) 

Quality Components 
116 E. Fayette Street 
Manlius, NY 13104 
(315)682-8885 
FAX (31 5) 682-2277 



NEW YORK (UPSTATE) 

Quality Components 

500 Helendale Rd., Suite 125 

Rochester, NY 14609 

(716) 288-3420 

FAX (716) 288-3484 

NEW YORK CITY 

See EXAR Corporation - 

Northeast 

(508) 624-4400 

NORTH CAROLINA 

Bits, Inc. 
One Meca Way 
Norcross, GA 30093 
(770) 564-5599 
FAX (770) 564-5588 

NORTH DAKOTA 

Customer 1st 

2950 Metro Drive, Suite 110 
Bloomington, MN 55425 
(612)851-7909 
FAX (612) 851-7907 

OHIO 

Millenium 

6631 Commerce Parkway 
Suite K 

Dublin, OH 43017 
(614)793-9545 
FAX (614) 793-0256 

Millenium 

6519 Wilson Mills Rd. 
Mayfield Village, OH 44143 
(216) 461-3500 
FAX (216) 461-1335 

Millenium 
3165 Linwood Rd. 
Cincinnati, OH 45208 
(513) 871-2424 
FAX (513) 871-2524 



OKLAHOMA 

Arraytech Sales 
14275 Midway Rd. 
Suite 220 
Dallas, TX 75244 
(214) 392-1199 
FAX (214) 392-1399 

OREGON 

Sales Tech Assoc. 
14105 Taylor Crest Lane 
Lake Oswego, OR 97035 
(503) 636-9559 
FAX (503) 636-1694 

PENNSYLVANIA 

C.M.S. Sales & Marketing 
527 Plymouth Rd., Suite 240 
Plymouth Meeting, PA 19462 
(610)834-6840 
FAX (610) 834-6848 

RHODE ISLAND 

A/D Sales 
1057 East Street 
Tewksbury, MA 01876 
(508)851-5400 
FAX (508) 851-5555 

SOUTH DAKOTA 

Customer 1 st 

2950 Metro Drive, Suite 110 
Bloomington, MN 55425 
(612) 851-7909 
FAX (612) 851-7907 

TENNESSEE 

Bits, Inc. 
One Meca Way 
Norcross, GA 30093 
(770) 564-5599 
FAX (770) 564-5588 



TEXAS 

Arraytech Sales 
14275 Midway Rd. 
Suite 220 
Dallas, TX 75244 
(214)392-1199 
FAX (214) 392-1399 

UTAH 

Spectrum Marketing 
2211 W. 27th Ave. 
Denver, CO 80211 
(303) 480-9991 
FAX(303) 455-5303 

VERMONT 

A/D Sales 
1057 East Street 
Tewksbury, MA 01876 
(508) 851-5400 
FAX (508) 851-5555 

VIRGINIA 

Chesapeake Technology, Inc. 
12616 Easthampton Dr. 
Midlothian, VA 23113 
(804) 379-1816 
FAX (804) 379-3474 

WASHINGTON 

Sales Tech Assoc. 
8275 166th Ave. N.E. 
Suite 101, POB 407 
Redmond, WA 98073-0407 
(206)869-5412 
FAX (206) 883-8322 

WASHINGTON D C. 

Chesapeake Technology, Inc. 
14808 Fothergil Ct. 
Burtonsville, MD 20866 
(301)236-0530 
FAX (301) 384-9596 

WEST VIRGINIA 

See EXAR Corporation - 
Mid-Atlantic & Southeast 
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North American Representatives 



WISCONSIN (SOUTHEAST) 

See EXAR Corporation - 
North Central 
(708) 705-3832 

WISCONSIN (WEST) 

Customer 1st 

2950 Metro Drive, Suite 110 
Bloomington, MN 55425 
(612) 851-7909 
FAX (612) 851-7907 



WYOMING 

Spectrum Marketing 
2211 W. 27th Ave. 
Denver, CO 80211 
(303) 480-9991 
FAX(303) 455-5303 

CANADA 

Clark-Hurman Associates 
308 Palladium Dr., Suite 200 
Kanata, Ontario 
K2V1A1 Canada 
(613) 599-5626 
FAX (613) 599-5707 

Clark-Hurman Associates 
78 Donegani, Suite 200 
Pointe Claire, Quebec 
H9R 2V4 Canada 
(514) 426-0453/0454 
FAX (514) 426-0455 



PUERTO RICO 

SEC 

600 S. Northlake Dr. 
Suite 230 

Altamonte Springs, FL 32701 
(407) 830-8444 
FAX (407) 830-8684 

SEC 

4701 N. Federal Hwy. 
Suite 430, Box #B-11 
Lighthouse Point, FL 33064 
(305) 783-6900 
FAX (305) 782-7274 



Clark-Hurman Associates 
20 Regan Road, Unit #14 
Brampton, Ontario 
L7A 1 C3 Canada 
(905) 840-6066 
FAX (905) 840-6091 
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North American Distributors 



ALABAMA 

Bell Industries 
555 S. Parkman Dr. 
Suite 600D 
Huntsville, AL 35816 
(205) 430-3150 

Future Electronics 
4835 University Dr., Suite 12 
Huntsville, AL 35816 
(205) 830-2322 

Milgray Elect., Inc. 
5021 Bradford Dr., Suite 202 
Huntsville, AL 35805 
(205) 722-9709 

Nu Horizons 

4835 University Square 

Suite 10 

Huntsville, AL 35816 
(205) 722-9330 

ALASKA 

Call EXAR San Jose 
(408) 434-6400 

ARIZONA 

A.V.E.D. 

7741 E. Gray Rd. 
Scottsdale, AZ 85260 
(602)951-9788 

Bell Industries 
140 S. Lindon Lane #102 
Tempe, AZ 85281 
(602) 905-2355 

Future Electronics 
4636 E. University #245 
Phoenix, AZ 85034 
(602) 968-7140 

Sterling Electronics 
3312 East Broadway Road 
Phoenix, AZ 85040 
(602) 437-5565 



CALIFORNIA (NORTHERN) 

A.V.E.D. 

1545 E. Acequia, Suite A 
Visalia, CA 93291 
(209)734-8865 

Bell Microproducts 
1941 Ringwood Ave. 
San Jose, CA 95131 
(408) 451-9400 

Bell Industries 
1161 N. Fairoaks Ave 
Sunnyvale, CA 94086 
(408) 734-8570 

Bell Industries 

4311 Anthony Ct., Suite 100 
Rocklin, CA 95677 
(916) 652-0418 

Future Electronics 
2220 OToole Ave 
San Jose, CA 95131 
(408) 434-1122 

Future Electronics 
755 N. Sunrise, Suite 135 
Roseville, CA 95678 
(916) 783-7882 

Jaco Electronics, Inc. 
1610-A Berryessa Rd. 
San Jose, CA 95133 
(408) 928-1600 

Milgray Elect., Inc. 
2860 Zanker Rd., Suite 209 
San Jose, CA 95134 
(408) 456-0900 
(800) 442-0946 

Nu Horizons 
2070 Ringwood Ave. 
San Jose, CA 95131 
(408) 434-0800 

Sterling Electronics 
2159 Bering Drive 
San Jose, CA 95131 
(408) 435-0835 



CALIFORNIA (SOUTHERN) 

A.V.E.D. 

14192 Chambers Rd. 
Tustin, CA 92680 
(714) 573-5000 

A.V.E.D. 

5752 Obelin Dr. Suite 105 
San Diego, CA 92121 
(619) 558-8890 

Bell Microproducts 
30 Fairbanks 
Suite 114 
Irvine, CA 92718 
(714) 470-2900 

Bell Industries 

220 Technology Dr., Suite 100 
Irvine, CA 92718 
(714)727-4500 

Bell Industries 

11812 San Vincente Blvd., 
#300 

Los Angeles, CA 90049 
(310)826-2355 

Bell Industries 

5520 RuffinRd., Suite 103 

San Diego, CA 92123 

(619)576-3290 

Bell Industries 

30101 Agoura Ct., Suite 118 
Agoura Hills, CA 91301 
(818) 865-7900 

Future Electronics 
27489 West Agoura Rd. 
Agoura Hills, CA 92122 
(818) 865-0040 

Future Electronics 
1692 Browning Ave. 
Irvine, CA 92714 
(714) 250-4141 

Jaco Electronics, Inc. 
2282 Townsgate Rd. 
Westlake Village, CA 91361 
(805) 495-9998 



CALIFORNIA 
(SOUTHERN CONT'D) 

Jaco Electronics, Inc. 
1541 Parkway Loop #A 
Tustin, CA 92680 
(714) 258-9003 

Jan Devices 
6925 Canby, Bldg. 109 
Reseda, CA 91335 
(818) 708-1100 

Milgray Elect., Inc. 
25 Maunchly, Suite 329 
Irvine, CA 92718-2329 
(714) 753-1282 
(800) 468-9277 

Milgray Elect., Inc. 
6835 Flanders Ave., Suite 300 
San Diego, CA 92121 
(619) 457-7545 

Milgray Elect., Inc. 
275Hillcrest Dr., Suite 145 
Thousand Oaks, CA 91360 
(805) 371-9399 
(800) 635-7812 

Sterling Electronics 
9340 Hazard Way, Suite 3A 
San Diego, CA 92123 
(619) 560-8097 

Sterling Electronics 
31200 Via Colinas, Suite 110 
Westlake, CA 91362 
(818) 865-2333 

Sterling Electronics 
15215 Alton Pkwy., Suite 100 
Irvine, CA 92718 
(714) 453-7660 
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North American Distributors 



COLORADO 

A.V.E.D. 

4090 Youngfield St 
Wheatridge, CO 80083 
(303) 422-1701 

Bell Industries 
1 873 S. Bellaire Ave. 
Suite 100 
Denver, CO 80222 
(303) 691-9270 

Future Electronics 
12600 West Colfax Ave. 
Suite B110 

Lakewood, CO 80215 
(303) 232-2008 

Jaco Electronics, Inc. 
P.O. Box 471 
Erie, CO 80516 
(303) 828-3074 

Milgray Elect., Inc. 
5650 D T C Pkwy, Suite 202 
Englewood, CO 80111 
(303) 721-7702 

Sterling Electronics 
101 Inverness Dr. East. 
Suite 140 

Englewood, CO 80112 
(303) 792-3939 

CONNECTICUT 

Bell Industries 
1064 East Main Street 
Meriden, CT 6450 
(203) 639-6000 

Future Electronics 
700 W. Johnson Ave. 
Chesshire, CT 06410 
(203) 250-0083 

Milgray Elect., Inc. 
Milford Plains Office Park 
326 W. Main St. 
Milford, CT 06460-0418 
(203) 878-5538 
(800) 922-6911 



CONNECTICUT (CONT'D) 

Sterling Electronics 
39 Capital Drive 
Wallingford, CT 06492 
(203) 265-9535 

DELAWARE 

See Pennsylvania 

FLORIDA 

Bell Industries 

650 So. Northlake Blvd. 

Suite 400 

Altamonte Springs, FL 32701 
(407) 339-0078 

Chip Supply 

7725 N. Orange Blossom Trail 
Orlando, FL 32810-2696 
(407) 298-7100 

Future Electronics 

2200 Tall Pines Dr., Suite 108 

Largo, FL 34641 

(813) 530-1222 

Future Electronics 
1400 E. Newport Center 
Suite 200 

Deerfield, FL 33442 
(305) 426-4043 

Future Electronics 
237 S. Westmonte Dr. 
Suite 307 

Altamonte Springs, FL 32701 
(407) 865-7900 

Jaco Electronics, Inc. 
9900 W. Sample Rd. 
Suite 404 

Coral Springs, FL 33065 
(305) 341-8280 

Milgray Elect., Inc. 

755 Rinehart Rd., Suite 100 

Lake Mary, FL 32746 

(407)321-2555 



FLORIDA (CONT'D) 

Nu Horizons 
3421 N.W. 55th Street 
Ft. Lauderdale, FL 33309 
(305) 735-2555 

Nu Horizons 

600 S. North Lake Blvd. 

Suite 270 

Altamonte Springs, FL 32701 
(407) 831-8008 

GEORGIA 

Bell Industries 
3000 Business Park Dr. 
Norcross, GA 30071 
(404) 466-7167 

Future Electronics 
3150 Holcomb Bridge 
Suite 130 

Norcross, GA 30071 
(404) 441-7676 

Milgray Elect., Inc. 
3000 Northwoods Pkwy. 
Suite 115 

Norcross, GA 30071-1545 
(404) 446-9777 
(800) 241-5523 

Nu Horizons 

5555 Oakbrook Pkwy. 

Suite 370 

Norcross, Ga 30093 
(404)416-8666 

Sterling Electronics 
5555 Oakbrook Pkwy. 
Suite 350 

Norcross, GA 30093 
(404) 441-0449 

IDAHO 

See Washington 



ILLINOIS 

Bell Industries 

870 Cambridge Drive 

Elk Grove Village, IL 60007 

(708) 640-1910 

Future Electronics 
3150 W. Higgins Rd. 
Suite 160 

Hoffman Estates, IL 60195 
(708) 882-1255 

Milgray Elect., Inc. 
1530 E. Dundee Rd. 
Suite 310 

Palatine, IL 60067-831 9 
(708) 202-1900 
(800) 322-6271 

Sterling Electronics 
2050 Algonquin, Suite 608 
Schaumburg, IL 60173 
(708) 303-9900 

INDIANA 

Bell Industries 

525 Airport North Office Pk. 

Fort Wayne, IN 46825 

(219)422-4300 

Bell Industries 
5230 West 79th 
Indianapolis, IN 46268 
(317) 875-8200 

Future Electronics 
8425 Woodfield Crossing 
Suite 175 

Indianapolis, IN 46240 
(317) 469-0447 

Milgray Elect., Inc. 
5226 Elmwood Ave. 
Indianapolis, IN 46203 
(317) 781-9997 

IOWA 

See Illinois 
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North American Distributors 



KANSAS 

Future Electronics 

8826 Santa Fe Dr., Suite 150 

Overland Park, KS 66212 

(913)649-1531 

Milgray Elect, Inc. 

6400 Glenwood, Suite 313 

Overland Park, KS 

66212-4021 

(913) 236-8800 

(800) 255-6576 

Sterling Electronics 
1 4635 W. 95th 
Lenexa, KS 66215 
(913) 492-5406 

KENTUCKY 

See Indiana 

LOUISIANA 

See Texas 

MAINE 

See Massachusetts 

MARYLAND 

Bell Industries 

8945 Guilford Rd., Suite 130 
Columbia, MD 21046 
(410)290-5100 

Future Electronics 
6716 Alexander Bell Dr. 
Suite 101 

Columbia, MD 21046 
(410)290-0600 

Jaco Electronics, Inc. 
Rivers Center 
10270 Old Columbia Rd. 
Columbia, MD 21046 
(410) 995-6620 

Milgray Elect., Inc. 
6460 Dobbin Rd., Suite 
Columbia, MD 21045-5813 
(410) 730-6119/800-638-6656 



MARYLAND (CONT'D) 

Nu Horizons 

8965 Guilford Rd., Suite 160 
Columbia, MD 21046 
(410)995-6330 

Sterling Electronics 

6304 Woodside Ct., Suite 115 

Columbia, MD 21046-1071 

(301)290-3800 

MASSACHUSSETTS 

Bell Industries 
100 Burtt Rd., Suite 106 
Andover, MA 01810 
(508) 623-3200 

Future Electronics 
41 Main Street 
Bolton, MA 01740 
(508) 779-3000 

Jaco Electronics, Inc. 
1053 East Street 
Tewksbury, MA 01 876 
(508)640-0010 

Milgray Elect., Inc. 
Ballardvale Park 
187 Balladvale St. 
Wilmington, MA 01887-1046 
(508) 657-5900 
(800) 648-3595 

Nu Horizons 

19 Corporate PI. 

107 Audubon Rd., Bldg. 1 

Wakefield, MA 01880 

(617) 246-4442 

Sterling Electronics 
1 5 D Constitution Way 
Woburn, MA 01808 
(617) 938-6200 

MICHIGAN 

Future Electronics 
4505 Broadmoor S.E. 
Grand Rapids, Ml 49512 
(616) 698-6800 



MICHIGAN (CONT'D) 

Future Electronics 
35200 Schoolcraft Rd., 
Suite 106 
Livonia, Ml 48150 

(313) 261-5270 

MINNESOTA 

Parts One Electronics 

1995 West County Road, B-2 

Roseville, MN 55113 

(800)247-0867 

FAX (612) 633-2310 

Future Electronics 
10025 Valley View Rd. 
Suite 196 

Eden Prairie, MN 55344 
(612) 944-2200 

Jaco Electronics, Ind. 
10340 Viking Dr., Suite 11 
Eden Prairie, MN 55344 
(612)941-2757 
(800) 844-5226 

New Horizons Electronics 
Corp. 

6955 Washington Ave., S. 
Edina, MN 55439 
(612) 942-9030 

Sterling Electronics 
5000 W. 78th Street 
Minneapolis, MN 55435 
(612)831-2666 

MISSISSIPPI 

See Georgia 

MISSOURI 

Future Electronics 

12125 Woodcrest, Executive 

Dr. Suite 220 

St. Louis, MO 63141 

(314) 469-6805 



MONTANA 

Call EXAR San Jose 
(408) 434-6400 

NEBRASKA 

See Missouri 

NEVADA 

See California 

NEW JERSEY 

Bell Industries 
271 Route 46 West 
Fairfield, NJ 07004 
(201)227-6060 

Future Electronics 
1259 Route 46E 
Parsippany, NJ 07054 
(201)299-0400 

Future Electronics 
12 East Stow Rd, Suite 200 
Marlton, NJ 08053 
(609) 596-4080 

Milgray Elect., Inc. 
3001 Greentree Exec. 
Campus Suite C 
Marlton, NJ 08053-1551 
(609) 983-5010 

Milgray Elect., Inc. 

3799 Rt. 46 East, Suite 303 

Parsippany, NJ 07054-1273 

(201)335-1766 

(800) 622-0291 

Nu Horizons 

18000 Horizon Way, Suite 200 
Mt. Laurel, NJ 08054 
(609)231-0900 

Nu Horizons 
39 US Route 46 
Pine Brook, NJ 07058 
(201)882-8300 
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North American Distributors 



NEW JERSEY (CONT'D) 

Sterling Electronics 
16000 Horizon Way, Suite 800 
Mt. Laurel, NJ 08054 
(609) 273-6420 

Sterling Electronics 
85 Campus Plaza Drive 
Edison, NJ 08837 
(908) 417-1000 

NEW MEXICO 

Sterling Electronics 

3540-D Pan American Fwy, 

NE 

Albuquerque, NM 87107 
(505) 884-1900 

NEW YORK 

Future Electronics 

200 Salina Meadow Pkwy. 

Suite 130 

Syracuse, NY 13212 
(315) 451-2371 

Future Electronics 
300 Linden Oaks 
Rochester, NY 14625 
(716) 387-9550 

Future Electronics 
801 Motor Parkway 
Hauppauge, NY 11788 
(516)234-4000 

Jaco Electronics, Inc. 
1 45 Oser Avenue 
Hauppauge, NY 11788 
(516) 273-5500 

Milgray Elect., Inc. 
77 Schmitt Blvd. 
Farmingdale, NY 11735-1410 
(516) 420-9800 

Milgray Elect., Inc. 
One Corporate Place, 
1170 Pittsford- Victor Rd., 
Suite 200 

Pittsford, NY 14534-3807 
(716) 381-9700 



NEW YORK (CONT'D) 

Nu Horizons 
333 Metro Park 
Rochester, NY 14623 
(716) 292-0777 

Nu Horizons 

6000 New Horizons Blvd. 
Amityville, NY 11701 
(516) 226-6000 

NORTH CAROLINA 

Future Electronics 
5225 Capital Blvd. 
1 North Commerce Center 
Raleigh, NC 27604 
(919) 790-7111 

Future Electronics 

8401 University Exec. Park 

Suite 108 

Charlotte, NC 28262 
(704) 547-1107 

Jaco Electronics, Inc. 
5206 Greens Dairy Rd 
Raleigh, NC 27604 
(919)876-7767 

Milgray Elect., Inc. 
2925 Huntleigh Dr., Suite 101 
Raleigh, NC 27604-3374 
(919) 790-8094 

Sterling Electronics 

2725 Millbrook Rd., Suite 101 

Raleigh, NC 27604 

(919) 790-8634 

OHIO 

Bell Industries 
444 Windsor Park Dr. 
Dayton, OH 45459 
(513) 435-5922 

Bell Industries 
31200 Solon Rd. Unit 11 
Solon, OH 44139 
(216) 498-2002 



OHIO (CONT'D) 

Future Electronics 
6009-E Landerhaven Dr. 
Mayfield Heights, OH 44124 
(216) 449-6996 

Future Electronics 
1430 Oak Court, Suite 303 
Beavercreek, OH 45430 
(513) 426-0900 

Milgray Elect., Inc. 
6155 Rockside Rd., Suite 206 
Cleveland, OH 44131-2289 
(216) 447-1520 

Nu Horizons 
6200 Som Center Rd. 
Suite A-15 
Solon, OH 44139 
(216) 349-2008 

Sterling Electronics 
6557 Cochran Rd 
Solon, OH 44122 
(216) 248-1122 

OKLAHOMA 

Sterling Electronics 
5119 S. 110 TH East Ave. 
Tulsa, Ok 74146 
(918) 663-2410 

OREGON 

Bell Industries 
9275 S.W. Nimbus Rd 
Beaverton, OR 97005 
(503) 644-3444 

Future Electronics 
Cornell Oaks Corp. Ctr. 
15236 NW Greenbrier Pkwy. 
Beaverton, OR 97006 
(503) 645-9454 

Jaco Electronics, Inc. 
4900 SW Griffith Dr., Suite 1 29 
Beaverton, OR 97005 
(503) 626-1439 
(800) 245-5226 



OREGON (CONT'D) 

Milgray Elect., Inc. 
8705 S.W. Nimbus Ave. 
Suite 260 

Beaverton, OR 97008 
(503) 626-4040 

Sterling Electronics 
61 60 Southwest Arctic Dr. 
Beaverton, OR 97005 
(503) 643-9090 

PENNSYLVANIA 

Bell Industries 
158 Gaither Dr., Suite 110 
Mt. Laurel, NJ 08054 
(609) 439-8860 

RHODE ISLAND 

See Massachusetts 

SOUTH CAROLINA 

See North Carolina 

TEXAS 

Bell Industries 
1701 Greensville, #306 
Richardson, TX 75081 
(214) 690-9096 

Future Electronics 
9020 II Capital TX Hwy N. 
Suite 610 
Austin, TX 78759 
(512) 502-0991 

Future Electronics 
10333 Richmond Ave. 
Suite 970 

Houston, TX 77042 
(713) 785-1155 

Future Electronics 
800 E. Campbell, Suite 130 
Richardson, TX 75801 
(214) 437-2437 
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North American Distributors 



TEXAS (CONT'D) 

Jaco Electronics, Inc. 

1209 North Glenville Dr 
Richardson, TX 75081 
(214)234-5565 

Jaco Electronics, Inc. 
2120 A. Braker Lane 
Austin, TX 78758 
(512) 835-0220 

Milgray Elect., Inc. 
16610 N. Dallas Pkwy 
Suite 1300 

Dallas, TX 75248-2617 
(214)248-1603 

Milgray Elect., Inc. 

11824 Jollyville Rd., Suite 103 

Austin, TX 78759 

(512)331-9961 

Milgray Elect., Inc. 
12919 S.W. Freeway 
Suite 130 

Stafford, TX 77477-4113 

(713)240-5360 

(800)962-1849 

Nu Horizons 

2081 Hutton Dr., Suite 119 
Carrollton, TX 75006 
(214)488-2255 

Sterling Electronics 
4201 Southwest Freeway 
Houston, TX 77027 
(713)627-9800 

Sterling Electronics 

1210 Champion Circle 
Suite A1 00 
Carrollton, TX 75006 
(214)243-1600 

Sterling Electronics 
11500 Metric Blvd., Suite 495 
Austin, TX 78758 
(512)836-1341 



UTAH 

A.V.E.D. 

942 East, 7145 South, 
Suite A1 01 
Midvale, UT 84047 
(801)565-8300 

Bell Industries 

6912 S. 185 West, Suite B 

Midvale, UT 84047 

(801)561-9691 

Future Electronics 
3450 South Highland Dr. 
Suite 301 

Salt Lake City, UT 84106 
(801)467-4448 

Milgray Elect., Inc. 

310 E. 4500 South, Suite 110 

Murray, UT 84107 

(801)261-2999 

(800) 537-9739 

Sterling Electronics 
161 5 West 2200 South 
Salt Lake City, UT 84119 

(801) 972-5444 

VERMONT 

See Massachusetts 

VIRGINIA 

Sterling Electronics 
711 Moorefield Park Dr. #J 
Richmond, VA 23236 
(804)323-5510 

WASHINGTON 

Bell Industries 
1715 114th Ave N.E. #208 
Bellevue, WA 98004 
(206) 646-8750 

Future Electronics 
19102 North Creek Pkwy. 
Suite 118 
Bothell, WA 98011 
(206) 489-3400 



WASHINGTON (CONT'D) 

Jaco Electronics, Inc. 
17220 127th Place 
N.E., Suite 300 
Woodinville, WA 98072 
(206) 481-3372 
(800)245-5226 

WEST VIRGINIA 

See Virginia 

WISCONSIN 

Bell Industries 

W. 226 N. 900 Eastmound Dr. 
Waukesha, Wl 53186 
(414)547-8879 

Future Electronics 

250 N. Patrick Blvd., Suite 1 70 

Brookfield, Wl 53045 

(414)879-0244 

WYOMING 

See Colorado 

CANADA 

Future Electronics 
237 Hymus Blvd 
Pointe Claire, Quebec 
H9R 5C7 
(514)694-7710 

Future Electronics 
4606-97th Street 
Edmonton, Alberta 
T6E5N9 
(403) 438-2858 

Future Electronics 
3833-29th Street NE 
Calgary, Alberta 
T1Y6B5 
(403) 250-5550 



CANADA (CONT'D) 

Future Electronics 

5935 Airport Rd., Suite 200 

Mississuga, Ontario 

L4V1W5 

(905)612-9200 

Future Electronics 
1695 Boundary Rd. 
Vancouver 
V5K 4X7 
(604)294-1166 

Future Electronics 
1050 Baxter Rd. 
Ottawa, Ontario 
K2C 3P2 
(613)820-8313 

Future Electronics 

1000 Ave. St. Jean Baptiste 

Suite 100 

Quebec 

G2E5G5 

(418)877-6666 

Future Electronics 
106 King Edward St. East 
Winnipeg, Manitoba 
R3H 0N8 
(204) 786-7711 

Milgray Elect., Inc. 
2783 Thamesgate Dr. 
Mississauga, Ontario 
L4T1G5 
(416)678-0958 

Milgray Elect., Inc. 
6600 Trans Canada Hwy, 
Suite 209 

Pointe Claire, Quebec 

H9R4S2 

(514)426-5900 
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International Representatives 



AUSTRALIA 

*Logic 4 Australia Pty Ltd. 

PO Box 52 

Eastwood 

South Australia 5063 
Australia 
61-8-373-2811 
FAX 61-8-373-2286 

Braemac Pty. Ltd. 

Unit 1/59-61 Burrows Rd. 

Alexandria NSW 2015 

Australia 

61-2-5506600 

FAX 61-2-5506377 

AUSTRIA 

Transohm Vertriebs GmbH 

Kolbegasse 68 

A-1232 Wien 

Austria 

43-1-610660 

FAX 43-1-6106614 

BELGIUM 

Nijkerk Elektronika 
Drentestraat 7 
1083HK Amsterdam 
Holland 

31-20-5-495969 
FAX 31-20-6-423948 

BRAZIL 

Rohm Industria Electronica, 
Ltd 

Rue Alessandro 
Volta, II04576 
Sao Paulo SP 
Brazil 

55-11-2409211 
FAX 55-11-2413382 

DENMARK 

*E.V. Johanssen Elektronik 
A/S 

Titangade 1 5 

2200 Copenhagen N. 

Denmark 

45-31-839022 

FAX 45-31-839222 



DENMARK (CONT'D) 

Mer-el A/S 

Ved Klaedebo 18 

DK-2970 Horsholm 

Denmark 

45-42-571000 

FAX 45-42-572299 

FINLAND 

Oy Tavron 
Takkatie 7A 
ASF-00370 Helsinki 
Finland 

358-0506-2154 
358-0506-2543 

FRANCE 

*3D 

6/8, rue Ambroise Croizat 
91127 

Palaiseau, Cedex 
France 

33-1-6447-2929 
FAX 33-1-6447-0084 

*Microel 

Ave. de la Baltique 
Za de Courtaboeuf B03 
91941 Les Ulis Cedex 
France 

33-1-690-70824 

Rohm Electronics 

24 Rue Saarinen 

Silic 224, F-94528 Rungis 

Cedex 

Paris, France 
33-146759551 
FAX 33-146750047 

Tekelec Airtronic 
5 Rue Carle Vernet 
BP2931 5 Sevres Cedex 
France 

331-25811190 
FAX 331-25807692 



GERMANY 

*Discomp Elektronik GmbH 

Alte Handels Strasse 56 

D-57493 Attendorn 

Germany 

49-2722-7157 

FAX 49-2722-974197 

*Hy-Line Computer 
Components GmbH 
D-82008 Unterhaching 
Inselkammerstr. 10 
Germany 
49-89-6149010 
FAX 49-89-6140960 

Dacom Elect. Vertriebs GmbH 
Freisinger Strasse 87 
D-85737 

Ismaning-Fischerhaeuser 
Germany 
49-89-9965490 
FAX 49-89-964989 

M E V 

Heinrich-Hasemeier - Str. 26 

49076 Osnabrueck 

Germany 

541-139080 

FAX 541-1390839 

Micronetics 
Dieselstrasse 12 
D-71272 Rennigen 
Germany 
49-07159-925830 
FAX 49-07159-9258355 

Rohm Electronics GmbH 

Karl-Arnold-StraBe 1 5 

D-47877 Willich-Munchheide 

Germany 

49-2154-9210 

FAX 49-2154-921400 

GREECE 

*Drogeta Engineering 
51 Aharnon Strasse 
Athens 10439 
Greece 

FAX 30-1-8810948 



HONG KONG/PRC 

*Twin-Star Trading Co., Ltd. 

Rm. 6, 6/F, Blk B1 

Yau Tong Ind. City 

17Ko Fai Rd. 

Yao Kong 

Kong Hong 

852-3469085 

Rohm Electronics Co. Ltd. 

Room 1 205-6, Tower 1 , 

Silvercord, 30 Canton Road 

Tsimshatsui 

Kowloon, Hong Kong 

852-2375-6262 

FAX 852-2375-8971 

INDIA 

Samura Electronics PVT., Ltd 
23-122, Plot 189, Bhoodevi 
Nagar 

Secunderabad, A. P. Pin 500 
015 

91-40-862453 
FAX 91-40-862453 

Spectra Innovations Inc. 
708 Montague Expwy, Suite 
280 

San Jose, CA 95131-1316 
U.S.A. 

408-954-8474 
FAX 408-954-8399 

ISRAEL 

Startronics 
7, Derech Hashalom 
Tel Aviv 67892 
Israel 

972-3-260148 
FAX 972-3-6960255 

ITALY 

* Kevin 

20148 Milano 
Via del Gradenigo 
3 Italy 

39-2-4870-6300 
FAX 39-2-4870-6500 



*Startech Representative 
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International Representatives 



ITALY (CONT'D) 

Claitron S.P.A. 
Viale Fulvio Testi 280/B 
1-20126 Milano 
Italy 

39-2661491 

FAX 39-2-66105666 

JAPAN 

ISI 

The Second Precisa Bldg. 3F 
4-8-3 lidabashi 
Chiyoda-Ku, Toyko 102 
Japan 

81-3-32643301 
FAX 81-3-32643419 

Tokyo Electron Ltd. 

TBS Broadcasting Center 

3-6 Akaska 5-Chome, 

Minato-Ku 

Tokyo 107 

Japan 

81-3-5561-7228 
FAX 81-3-5561-7391 

Fuji Electronics Co., Ltd. 
Ochanomizu Center Bldg. 
3-2-12 Hongo, Bunkyo-Ku 
Tokyo, Japan 113 

81- 3-3814-1416 
FAX 81-3-3814-1414 

KOREA 

HBCorp. 

3rd Floor Tae Jeong Bldg. 

420-16 Dokok Dong, 

Kangnam-Ku 

Seoul 135-270 

Korea 

82- 2-579-5577 
FAX 82-2-579-6919 

MALAYSIA 

Exer Technologies SDN. BHD 

33-3-3 Halaman York 

Georgetown, 1 0450 Penang 

Malaysia 

604-228-9130 

FAX 604-228-9131 



*Startech Representative 



THE NETHERLANDS 

Nijkerk Elektronika 
Drentestraat 7 
NL-1083HK Amsterdam 
Holland 

31-20-5495969 
FAX 31-20-6423948 

NORWAY 

*Hans H. Schive A.S. 
Undelstadlia 27 
P.O. Box 10 
N-1371 Asker 
Norway 
47-6690-0900 
FAX 47-6690-4484 

Berendsen 

P.O. Box 9376 - Gronland 

N-0135 Oslo 

Norway 

47-22676800 

FAX 47-22677380 

PORTUGAL 

*Matrix Electronica, S.L. 
Belmonte De Tajo, 76-3B 
28019 Madrid 
Spain 

34-1-56022737 
FAX 34^1-5652865 

Niposom J. Nabais LDA 
Rua Humberto Cruz, 4 
1 900 Lisboa 
Portugal 
351-1-896610 
FAX 351-1-809517 

SINGAPORE 

Exer Technologies Pte., Ltd. 
629 Aljunied Road #03-20 
Cititech Industrial Bldg. 
Singapore 1438 
65-741-4655 
FAX 65-741-2971 

SPAIN 

*Matrix Electronica, S.L. 
Belmonte De Tajo, 76-3B 
28019 Madrid 
Spain 



SPAIN (CONT'D) 

34-1-56022737 
FAX 34-1-5652865 

Unitronics, SA 
Plaza Espana, 1 8 
28008 Madrid 
Spain 

34-1-542-5204 
FAX 34-1-548-4228 

SOUTH AFRICA 

Fairmont 
295 Kent Ave. 
Femdale, Randburg 2125 
South Africa 
27-11-8862920 
FAX 27-11-8862929 

SOUTH AMERICA 

Intectra, Inc. 

2629 Terminal Blvd. 

Mountain View, CA 94043 

U.S.A. 

415-967-8818 
FAX 415-967-8836 

SWEDEN 

*Bexab Technology 
Keinest Vagen 10 
S-183, 25Taeby 
Sweden 

46-8-630-8810 
FAX 46-8-732-7058 

Setron 

Grimstadatan 160 
S-162 11 Vallingby 
Sweden 
46-8-759-3570 
FAX 46-8-739-8580 

SWITZERLAND 

Anatec A.G. 
Sumpfstrasse 7 
CH-6300 Zug 
Switzerland 
41-42-412441 
FAX 41-42-413124 



TAIWAN 

*Jatron Electronics, Inc. 
4F, 120, Ning-Po W. St. 
Taipei 10723 
Taiwan R.O.C. 
886-2-3070152 
FAX 886-2-3055629 

Helm Engineering & Trading 
4f, 658,TunHuaS.Rd.,Sec.2 
Taipei 

Taiwan R.O.C. 
886-2-709-1888 
FAX 886-2-706-0465 

Marrow Electronics Corp. 

10F-3, No. 510 

Chung-Hsiao 

E. Rd., Sec. 5 

Taipei, Taiwan 

886-2-728-3005 

FAX 886-2-728-2131 

TURKEY 

Inter Muh.Dan.Vetic A.S. 
Hasircibasi Cad No. 55 
81310 Kadikoy 
Istanbul 
Turkey 

90-1-3499400 
FAX 90-1-3499431 

UNITED KINGDOM 

*2001 Electronic Components 
Woolners Way 
Stevenage 

Hertfordshire SG1 3AJ 
United Kingdom 
44-1438-742001 
FAX 44-1438-742002 

Sabre Advanced Microelect. 
Ltd. 

Mead House 
London Road 
Bentley, Farnham 
Surrey GU10 5LP 
United Kingdom 
44-0420-22004 
FAX 44-4202-2008 
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.^priSTARTECH 

an IE? EX^R company 



STARTECH Semiconductor Inc. 
1219 Bordeaux Drive 
Sunnyvale, CA 94089 
(408) 745-0801, Fax (408) 745-1267 



.the analog plus company " 



EXAR Corporation 

2222 Qume Drive, P.O. Box 49007 

San Jose, CA 95161-9007 

(408) 434-6400, Fax (408) 943-8245 

Worldwide Web Site; http://www.exar.com 

TQM logo and "...the analog plus company " are trademarks 
of EXAR Corporation. 

All trademarks and registered trademarks are property of 
their respective owners. 
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